On the Compilation of Data-Parallel Languages on a Distributed Memory Multithreaded Environment with Thread Migration by Pérez, Christian & Namyst, Raymond
On the Compilation of Data-Parallel Languages on a
Distributed Memory Multithreaded Environment with
Thread Migration
Christian Pe´rez, Raymond Namyst
To cite this version:
Christian Pe´rez, Raymond Namyst. On the Compilation of Data-Parallel Languages on a
Distributed Memory Multithreaded Environment with Thread Migration. [Research Report]
RR-3207, INRIA. 1997. <inria-00073482>
HAL Id: inria-00073482
https://hal.inria.fr/inria-00073482
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
On the compilation of data-parallel languages on a
distributed memory multithreaded environment with
thread migration
Christian Perez
Raymond Namyst
N ˚ 3207
Juillet 1997
TH `EME 1
 
	ﬁﬀﬂﬃﬂ !"#$%&'"&(*)+,-ﬀ.#)/0 !12'34$ﬀ
5 4678'9:!; !$"ﬀ$ﬀ<"=9 !;"?>@9!,; A*"ﬀB#&" !ﬂ4;
C"D4EGFIH#JGFIKMLON$PQERPQS
T
KQU0V%WXL!YﬁZK[V\UH#J
]^`_
abca;de,fgahiaGjlkMmcanhpoQhin
_
abcah
q4risGt
anﬂfaGuvjxw
f*jlwMw
syr
n{z[a
r
a|
^
a
r
|
^
a~}"QyycekMŁan"dRy*edR"wXjxyah
!RlXl"]^
h$wjlwa
r*s
|kMhpa#h
s
}vn
^
a"kMhpa
sl
zMhin
r
Mk[npazbab
syr
o(b;kMniŁn
^Mr
aRjlzMaza}QQ
rps
}Mba}Qnih$}zXjln9j;wXj
r
jla
w
rps

r
jxbh$jl}[z
^
jxhﬂnI
s
b.jl}
s
jlhG
]^
a"
r
hpn"hﬂn
s
h
^Ms
n
^
jxnﬂzXjln9j;wXj
r
jla4w
ris

r
jlbch$|Gjx} hikMwMw
syr
n

aRjlnpk
r
ah"¡ya
|
s
bb;k[}M|Gjlni
s
}
s
a
r
¢jxwMwM}MX£Q
s
jlzXjl¢jx}M|}M;n
^Ms
kMny
s
Xjl`zXjxn¤jwXj
r
jxŁa
s

t
a#|n
r
azMhpn
r
MkMni
s
} jl}[zvn
^
a5a9¥|a}Qn
k[hpa
sx
|#Łk[hpnpa
r
h
sl
kM}Mw
rps
|a#hph
sr
jl}MzX¦
syr
hio§bcban
r
|b;k[Łniw
rps
|ahih
sr
hv¨©[u
q
h¤ª#¬«*k
r
a#m§nia}MzMa#z­b
s
z[a{}Qn
ris
zMkM|ah
®R¯¢°±³²Q´lµQ¶`°p·R¸¤¹#º9º¹º4»$
r
npkXjx`w
rps
|ahihpahj
r
aﬂbw[Ła#ba}Qnpa#z;Łn
^
b
s
[Łan
^Mr
aGjxzMhG
]^
aﬂhpa|
s
}Mz
s
jlŁhn
s
zMania
r
bcŁ}[a¼n
^
a
}Qnpa
r
jl|#np
s
}Mh*Xa#nI{aa#}½zXjln9j;wXj
r
jla0w
rps

r
jxbh$jx}Mz j;b
s
zMa
sx
zMhpn
r
MkMniazbab
syr
ob;kMnpn
^Mr
aGjxzMazva#}§Q
rps
}Mba#}§nihG£
n
^½r
ahiwXa|#nn
s
Ł}Qn
r
jR¾I}
s
zMa;|
s
bb;kM}[Ł|Rjlnp
s
}Mh¼jx}Mz½ahpwa|¢jxŁo½n
s
n
^Mr
aGjlz¿b
r
jlni
s
}/
]^
hwXjlwa
r
jlh
s
zMhp|kMhih(n
^
h
b;k[Łnin
^Mr
aGjlzMa#z(a}QQ
rps
}Mba}Qn!n
^;r
ahiwXa|#n$n
s
n
^
a*zMÁÀÂa
r
a}Qnb
s
zMah
sl
n
^Mr
aRjlzMh$jx}Mz;h
^Ms
hÃn
^
jlnÃn
^
a*Ä
q!Å
jx}Mzn
^
a¼Æ*Ç
zjln¤j5wXj
r
jla`|
s
bwM¢jlni
s
}b
s
zMahÃaGjlhiŁo;}Qnpa
r
jxnpaﬂn
^
a5w
rps
w
s
hpazvb
s
zMaI
ÈcÉQÊË¤Ì5ÍXyÎ4xÏ
jxn¤jR¾IwXj
r
jla¢jl}MkXjlahG£MÆ
s
bwM¢jlni
s
}0£
Ï
Łhin
r
Ł[kMnpazbcab
sr
o"b;kMniŁn
^Mr
aRjlzMazca}QQ
ris
}Mbca}QnG£
]^Mr
aRjlz
bc
r
jxnp
s
}0
ÐÑ;Ò
ÓÕÔIÖG×
Ò
Ó!Ø4ÙÔIÚÛ#Ü
Ý`ÞlßáàâãäåÞlæàÃçyèièpéàêlëlëãäì³èpí5çGî;ì³Þlèï¢ð/ñ0ï¢òﬁëlä³ã9óèiôpì
Ñ
Ó³õöp÷
æélí;çRîÞlè$ølä³èpélôIÞ;ùð/ñúcùãGã#äílßáélæì³èpí5ñ/èpà³èpæ#äôIÞûXä³ã9óèiôpì!ã#é
û[æäæ#üáüáèpüáßáà³ý
÷
Ñ4þlß
Unite´ de recherche INRIA Rhoˆne-Alpes
655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN (France)
Te´le´phone : (33) 76 61 52 00 – Te´le´copie : (33) 76 61 52 52
   #	ﬂ4ﬀ
#&("&$) ﬀ.ﬂﬃMﬂ !"$*)@)'3 '"=9 !;ﬂ-ﬂ"

'949!; !$5ﬀ   ﬂ9 ! ﬀ)0/ !12'$- 	 '3"? -&" !ﬂ4ﬀ !; !$5ﬀ
ÉM	
É
ÆÃa wXjxwMa
r
h }QnMga
r
ahphia
_
j½ kMnph¤jlni
s
}\z[aha}Q§
ris
}M}Ma#ba}Qnphcb;kMnpn
^[r
aGjxz ¨ w
rps
|a#hphpk[hvGgaya
r
h¤ª
_
j bﬁga9¾
b
s

r
a;z[Łhin
r
Ł[k gaazXjl}[h(ah;w
ris

r
jlbcbahﬂzXjxn¤j2wXj
r
jl
_
aahGIQhpaz[akMm
s

t
a|ni

h;w
r
}M|#ŁwjlkMm` a.w
r
abcŁa
r
ahin;zMa
b
s
}Qn
r
a
r
kMa5Ła#h¼w
rps

r
jxbba#hzXjln9j;wXj
r
jl
_
aah*wXak[ya}Qn"}QnMga
r
a
r
zMa#h¼|Rj
r
jx|nMga
r
hpni

kMa#h(|
s
bbca$a
r
a#|
s
kM
r
aba}Qn"z[ah
|
s
bb;k[}M|Gjlni
s
}[h$wXj
r
ah|Gjl|k[ŁhR£!pga

kMŁ
r
jla(z[a|
^
j
r
yach¤jl}[h
r
azMhin
r
Mk[np
s
}¿y
s
Xjxa(zMa#h
s

t
anih(zjln¤j2wXj
r
jl
_
aah
a#n( amQwM
s
n¤jxnp
s
}2a9¥|Gjl|#azMah
ris
kMwahzMabjl|
^
}Mah5kM}Mw
rps
|a#hphpa#k
r
hcan¤¦
s
k½b;kMnpw
ris
|ahphiak
r
h(hio§bﬁgan
r


k[ah¨©[u
q
ª
*s
n
r
ab
s
z
_
a#Ła;ganpa}[zMk}Qn
ris
z[kMnahA¶Â°p·R¸9¹º9º²º ®R¯¢°±³²Q¹µÁº`ahÃw
ris
|#ahphikMh{Q
r
nikMah!h
s
}Qn!bwMRgab;a#}§nMgah
_
j*ájlzMaÃzMaÃn
^Mr
aGjlzMh
b
s
MahR`aﬂhpa#|
s
}Mz2MkMnzMkwXjxwMa
r
ahpnz[a"zgania
r
bcŁ}[a
r
ah*}§nia
r
jx|np
s
}Mha}Qn
r
a"ahw
rps

r
jlbbcah4zXjln9jwXj
r
jl
_
aahÃankM}
b
s
z
_
aa{z a#}§Q
rps
}M}Mabca}Qn!b;kMnpn
^Mr
aGjxz
_
jbﬁgab
s

r
a!z[Łhin
r
Ł[k gaaﬂQŁh
_
j"Qh!zMah|
s
bb;k[}M |Gjxnp
s
}[h/}Qn
r
j}ﬂkMzanÃwXj
r
np|k¾

_
a
r
aba}QnQh
_
j;QhzMa jbc
r
jxnp
s
};z[a"n
^Mr
aGjlz[hGﬂÆÃa"wXjlw[Ła
r
hpnikMa3jxkMhphi/|a#n¼a#}§Q
rps
}M}Mabca}QnzMan
^Mr
aGjlzvwj
r$r
jlwMw
syr
n
jxkMm(jxkMn
r
ah!b
s
z
_
a#Ła#hz[an
^Mr
aGjlz;anb
s
}Qn
r
a

kMaah!b
s
z
_
aah4zMa|
s
bwM¢jlni
s
}$zXjxn¤j*wXj
r
jl
_
aah4zMaÄ
q!Å
a#n{Æ*Çh }§n
_
a
r
a}Qn

jl|aba#}§nzXjl}Mhaﬂb
s
z
_
a#Ła*w
rps
w
s
hMgaa
ﬀOÍl9ËﬂﬁﬃÉ"
/jl}[§jlah`zXjxn¤jR¾IwXj
r
jl
_
aahR£GÆ
s
bcwM¢jlnp
s
}/£ A}§Q
rps
}M}Mabca}QnXb;k[Łnin
^Mr
aGjlz
_
jÃbﬁgab
s

r
a`zMhin
r
Mkgay£yu
r
jlni
s
}
z[a¼n
^Mr
aRjlzMhR
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·


ﬀ ﬁ
"/ !ﬀ2'	Ã#;
Ï
jxn¤jwXj
r
jlahpbﬃﬂá ¼w
ris
§zMa#h.j½hin
r
kM|npk
r
az b
s
z[a
sr
wXj
r
jxŁaw
rps

r
jxbb}Mﬁ«*}Ma |
^
jxŁa#}Myavhcn
s
a:¥|a}Qnpo
a#m§a#|kMnpazXjxn¤jwj
r
jxŁa#{w
ris

r
jlbch
s
}½zMhpn
r
MkMniaz%bab
syr
o.bjl|
^
}MahR
]^
h"
s
jlÃhpaa#bh"n
s ^
jRa;Xa#a}
r
aGjx|
^
az
syr
r
ayk[ j
r
w
rps

r
jlbhn
^
h
s
bcazXjxn¤jwXj
r
jxŁa¢jx}MykXjxyah¡yaÄ$
^%q
a
rIsr
bjl}M|a
Å[syr
n
r
jx}!ﬂŁd"#p
$s
"£!n
^
av|k
rpr
a#}§n
|
^
jxŁa#}Mya*Łhn
s
a9¥|a}QnpochpkMwMw
syr
nhpabcÁ¾ 
rpr
ayk[ j
r
jxwMwM|Gjlni
s
}MhÃn
^
hikM|
^
¢jl}MkXjlahG
f a|a}QnpoQ£/n
^
a}Qnpa#
r
jxnp
s
}
sl
n
^[r
aGjxzMh(}½zXjxn¤jcwXj
r
jla
r
kM}Qnpba
r
j
r
ah
^
jxh"z
r
jlb.jxnp|GjxŁocŁ}[|
r
aGjxhpaz$ﬂdGM£0Mdp
]^
Łh0h/zMkMaÃn
s

s
n
^
n
^
a jRyjx jxM nIo
sl
n
^Mr
aGjxzMh!
r
j
r
ah0Ł}5b.jl}Qo
s
wa
r
jxnp}M$hioQhpnpa#bhG£jl
s
Ł}[{a9¥|#Ła#}§n4kMhia
sl
h
^
j
r
az
bcab
sr
ob;kMnpw
ris
|#ahph
syr
b.jx|
^
}Mah%ﬂáyp£Xjx}Mzvn
s
n
^
a;jRyjl¢jlMÁŁnIo
sl
²µŁ±³¯¢±[°p¹9´	¹	¹

®G¯ °p·

(¹

± º&ﬂd#'Q£X("w
ris
QŁz[Ł}[
w
rps

r
jxbbÁ}MÃb
s
zMah/n
^
jln0}§nia
r
jlnian
^Mr
aGjlz|GjlwjlMnpah/n
^
yj
r

s
kMh
r
ab
s
nia!|
s
bcb;kM}M|Gjxnp
s
}*hp|
^
abcah
s
}zMhpn
r
MkQ¾
niaz j
r
|
^
npa|#npk
r
ahG
]^
h*Ł}Qnia
r
jlnp
s
}
^
jlh$a#m
^
Ł[ŁniazvwXj
r
niŁ|#kM¢j
r
o
sQs
zw
rps
wXa
r
npah
sr$s
a
r
¢jlw[wM}M;|
s
bcb;kM}MÁ|Gjlni
s
}Mh
Qo;|
s
bwMk[n¤jlni
s
}MhR
I}n
^
Łh*wXjlwa
r
£XÃa"h
^Ms
­n
^
jln*kMhp}M;n
^Mr
aRjlzMh*Ł}zXjxn¤jwXj
r
jxŁa0w
rps

r
jlbhÃ|Gjx}v
r
}M;b
syr
a$a}Ma9XnihG£`a#hpwa|¢jlo
syr

s
jlzjl¢jl}M|#Ł}[(wMk
r
w
s
hpa#hG
]4s
jx|
^
Ła#yaﬂa9¥|a}Qn$a#m§a#|kMnp
s
}
sx
hpabc ¾I
rpr
aykM¢j
r
zXjln9jwXj
r
jla/jlw[wMŁ|Rjlnp
s
}MhG£{a5w
rps
w
s
hpa
jx}½amQnpa}[zMaz%b
s
zMa
sl
a#m§a#|kMnp
s
}
sr
zXjxn¤jwj
r
jxŁa#{w
ris

r
jlbchﬂXjlhiaz
s
}ﬁ®R¯¢°±³²§´xµ/¶`°p·R¸9¹º9º¹º
]^
azMaGj2h(n
s
jl
s

|
s
bw[Ła
r
h$n
s
bjl¡a"kMhpa
sx
jcw
s
npa}Qni jxŁo
^

^
}QkMb;a
rﬂsl
Q
r
nikXjlw
rps
|ahihpah;
^
Ł|
^
j
r
a(zMoQ}Xjxb|GjxŁocb.jlw[wXaz
s
}Qn
s
w
^
oQhiŁ|Rjlw
ris
|#ahph
syr
hR!)Ãa|Gjlk[hpavn
^
avb.jxwMwM}M
sx
Q
r
nikXjlw
ris
|ahphiahvh;zMoQ}Xjxb|y£4
s
jxz\Xjx jx}M|}M
sl
hpabc ¾I
rpr
aykM¢j
r
|
s
bw[kMn¤jxnp
s
}Mh|Gjl}a(jl|
^
aaz§ocb
s
Q}MﬂQ
r
npkXjx`w
rps
|a#hphpa#hjx|
rps
hph*n
^
a"}
s
z[ah
sl
n
^
a¼k[}MzMa
r
ŁoQ}Mj
r
|
^
npa|#npk
r
ay
«*k
r
ŁbcwMab;a}Qn¤jxnp
s
}
sl
Q
r
npkXjx/w
ris
|ahphiahﬂhXjlhiaz
s
}n
^
aﬂkMhpa
sx
n
^
aﬂb;kMnpn
^Mr
aGjxzMazca}Q§
ris
}Mbca}Qn
q
u+*y£[
^
|
^
w
rps
QzMah;b
s
Man
^[r
aGjxzMh
s
} z[Łhin
r
Ł[kMnpazOj
r
|
^
nia|npk
r
ahR-, w
r
ab}Xj
r
ohpnikMzMo!ﬂá.
^
jlhh
^Ms
}%n
^
jxnab;azMz[Ł}[
Ä
q!Å
jl[hpn
r
jl|n;w
rps
|ahih
syr
h}½b
s
Ma(n
^Mr
aGjxzMh;h

aGjlhiŁ[Łajx}Mz\n
^
jln
sQs
z\wa
rÕsyr
b.jl}[|ah|Gjl}¿Xajl|
^
aya#z\n
^[rps
k[
^
n
^Mr
aRjlzb
r
jlni
s
}
sr
j5wXj
r
np|kM¢j
r
zXjxn¤j5wXj
r
jlaw
rps

r
jxb 
]^
ŁhÃhpnikMzMo
^
jlhÃh
^Ms
}ckMhn
^
jlnÃn
^
aﬂzMhpn
r
MkMniazbab
syr
o
b;k[Łnin
^Mr
aGjlzMa#zva}QQ
ris
}Mbca}Qnph*|Gjl}
^
awzXjln9j;wXj
r
jla
r
k[}§nibah*b.jl}jlya5§
r
npkXjxw
rps
|ahih(bcŁ
r
jxnp
s
}jl}Mzn
^
jxn
q
u/*
}[aazMh*n
s
a¼hiwXa#|¢jl0az
sr
zjln¤jwj
r
jxŁa#`w
rps

r
jxbh!n
s;s
À`a
r

sQs
za9¥|a}M|#o§
]^
h*wXjlwa
r
hzM§zMa#z jlh
s

s
hG©Qa|#np
s
}½w
r
a#hpa}Qnph5n
^
a|¢jlhihp|Gjl4zXjxn¤jwXj
r
jxŁa0|
s
bcwM¢jlnp
s
};§a¬jx}Mzvh
^Ms
h
^[s
 Łn*¢jl|9¡Qh$h
s
ba

aGjlnik
r
ahR I}hpa|#np
s
}½M£`n
^
a§
r
npkXjx/w
ris
|#ahphXjlhiazb
s
zMa0Łhﬂw
r
ahpa#}§niaz/ I}vwXj
r
niŁ|#kM¢j
r
{ah
^[s

^[s
 n
^
aÄ
q!Å
jl}Mz%Æ*Ç|
s
bwM¢jlni
s
} b
s
zMah"|Gjx}\a.b
s
zMÁXaz½n
s
hpk[wMw
sr
nnG\©Qa#|np
s
}1" aŁ}[h;§o½z[aGjl}Mvn
^
n
^
a"zMÁÀ`a
r
a#}§n5¡§}Mz[h
sl
n
^Mr
aGjxzMh"jl}Mz2n
^
azMÁÀÂa
r
a}Qnﬂb
s
zMah
sx
zMhpn
r
MkMniaz bcab
sr
ob;kMnpn
^[r
aGjxzMaza}QQ
ris
}Mbca}QnphR In
}Mh
^
ahQo
r
aQa}Mvn
^
aw
r
aQ
s
kMh
syr
¡Qhn
^
jxn
^
jRya;kMhiaz%n
^Mr
aGjlzMh;}½n
^
aamQa|#kMnp
s
}
sl
zXjxn¤j2wXj
r
jla!w
ris

r
jlbchG
,wXj
r
np|kM¢j
r
b
s
zMa
sl
zMhpn
r
MkMniazvba#b
syr
o;b;kMnpn
^[r
aGjxzMaza#}§Q
rps
}Mba#}§nR£
q
u+*y£jl}Mzvnih

kM}[|np
s
}jlnpahn
^
jln$hiaab
}Qnpa
r
ahinp}M
sr
zXjxn¤j2wXj
r
jlahpb j
r
aw
r
ahpa}Qniaz­}¿hpa|ni
s
}ﬁM
]^
h(aGjxzMhkMh;n
s
hia|np
s
}2'2
^
|
^
zMaRjlh;n
^
n
^
a
}Qnpa#
r
jxnp
s
}
sl
zjln¤jwXj
r
jlaŁhib jx}Mzj"z[Łhin
r
Ł[kMnpazcbab
syr
o¼b;k[Łnin
^Mr
aGjlzMa#z(a}QQ
rps
}Mba}QnR/©Qa|ni
s
}.w
r
ahia}Qnph

kMnpk
r
a

syr
¡jl}MzÃaﬂ|
s
}M|#Łk[zMa"}hia|np
s
}3."n
^
h
s
bca
s
wa}

kMahinp
s
}MhR
4 576
4ﬂﬀR&,ﬀﬂ-ﬂ !"#$%	ﬂ4 -ﬀ$
8:9<; =3>?A@B@BC<D?E>GFC<@HJIJC<KLHJMNFPOQMNOPR
ITS-F?UHJ?-V?EIJ?E>><MN>WDR
OPVC<>?NHJCR
XZYC<M[
ÆÃ¢jxhphp|GjxXzjln¤jwj
r
jxŁa#X¢jl}[ykXjxya|
s
bwMa
r
hÃzMhpn
r
MkMniaﬂn
^
aﬂwXj
r
jla
sr
¡
s
}§n
s
j5Q
r
npkjl`b.jx|
^
}Ma
^Ms
hiaﬂw
rps
|ahih
sr
h
j
r
ac|Gjlaz­®R¯¢°±³²Q´lµ0¶Â°i·G¸9¹#º¤º·°9º
]^
ahpa\®R¯¢°±³²Q´lµ0¶Â°i·G¸9¹#º¤º·°9º¼z
s
}
s
n(a
s
}[ n
s
n
^
azXjln9jvwXj
r
jxŁaÃ¢jl}MkXjlah(jx}Mz j
r
a
z[ À`a
r
a}QnG£
³syr
amMjxbwMay£
³rps
b Æ*Ç3ﬂá Q
r
nikXjlÃw
rps
|a#hph
sr
hR
]^
ao½j
r
a.jl}%jlMhin
r
jl|ni
s
}
sl
n
^
a
r
aGjlbjl|
^
}Ma
syr
n
^
a
|
s
bw[Ła
r
hG
]^
a{|
s
bwMa
r
h/jlhphikMba*®G¯¢°#±²Q´lµR¶`°p·R¸¤¹#º9º·y°9º`n
s
XabjlwMwaz
s
}[a{wa
r
}
s
zMaÃXa|RjlkMhia¼j}
s
z[a
sx
n
^
aÃzMhpn
r
MkMniaz
bcab
sr
o;h"jlhihpkMbcaz n
ss
}Mov|
s
}Qn¤jl}
s
}Ma;w
ris
|#ahph
syr
\,$h;®R¯¢°±³²Q´lµ¶Â°i·G¸9¹#º¤º·°¼j
r
a;b.jxwMwazv}Qn
s
jcw
ris
|ahph;jl}[z h
s
ba
wj
r
jxŁa#{bjl|
^
}Mah|Gjl}
s
}Mo bjlw
s
}[a.w
rps
|ahih.wa
r
}
s
zMa£{n
^
h;b
s
zMaÃhpa#abh;jlzMa

kjlnpa
Å
k
r
a½dcŁkMhin
r
jxnpah;n
^
a
|#k
rpr
a}Qn$hpnikXjlni
s
}/4©
s
£Q|
s
bwMa
r
h!ya}[a
r
jxnpa"
s
%aya`|
s
z[a"Xa#|GjlkMhia"n
^
ao.jxhphpk[ba
s
}Ma(®R¯¢°±³²Q´lµQ¶`°p·R¸¤¹#º9º·y°!wa
r
w
^
oQhp|Gjx
w
rps
|ahih
syr
jl}Mz¿n
^
a#o jlhihpkMbcan
^
jlnjxŁÃQ
r
npkjln
s
Q
r
npkjlw
ris
|#ahph
syr
|
s
bb;k[}M|Gjlni
s
}Mh"j
r
a.z[Łhin¤jx}§n;jl}[z\}Maa#zﬁn
s

s
n
^Mrps
kM
^
n
^
aﬂŁ}Qnia
r
|
s
}M}Ma|#np
s
}v}[anI
sr
¡`
]^
hﬂjlwMw
ris
jx|
^
Łh*Łbcnpaz
sr

s
jxzXjl¢jl}[|}M;hphpk[ah"jl}Mz
³syrr
a#|a}Qn"npa#|
^
}
s

s
ahG
Å

r
hinG£|kMhinpa
r
h
sl
hpoQbcban
r
|
b;k[Łniw
rps
|ahih
sr
h|Gjl}¿}
s
nXaca9¥|a}Qnpo½amQwM
s
Łniaz/½ÆÃk
rir
a}Qn;|
s
bwMa
r
h5z
s
}
s
n¡§}
s

^Ms
 n
s
a9¥|a}Qnpo½kMhiahpkM|
^
|#Łk[hpnpa
r
hÃXa|RjlkMhia¼n
^
a
r
|
s
bwM¢jlni
s
}"hi|
^
abaz
s
ahÃ}
s
n!zMaGjxMn
^
hpa#ya
r
jl`w
ris
|#ahph
syr
h}j*
s
|GjlMh
^
j
r
azbcab
sr
oﬂhpwjl|ay
©a|
s
}[z/£`h
s
ba"|
s
bw[Ła#mb
s
zMk[Ła#h¼j
r
a3jxzMzMaz2Ł}n
^
a(|
s
bwM¢jlni
s
}jl}[zX¦
sr
}Qn
s
n
^
a
r
k[}§nibaﬂn
ss
ya
r
¢jlwv|
s
bb;k[}M|GjR¾
ni
s
}Mh*§o|
s
bwMk[n¤jlni
s
}MhR
]^

r
z/£/jl}[zvb.jRoQa¼n
^
a;b
s
hpnbw
syr
n¤jx}§n
s
}May£`
s
jlzXjl¢jx}M|}M|Rjl}
s
}Moa;z
s
}Ma"n
^[rps
k[
^
r
azMhpn
r
MkMni
s
}Mh
sl
zXjxn¤jﬂwj
r
jxŁa#
s

t
a#|nphR{fa#zMhpn
r
MkMnp
s
}Mh{j
r
a$amQwa}MhiŁa"jl}Mz
sr
|a*kMhpa
r
hn
s5^
jRya$j5
sQs
z;¡Q}
s
azMya
sx
n
^
aﬂb.jl|
^
}Maﬂjl}Mzn
s
hiwXa}[zvnpba*
r
np}M|
s
bwMam;bjl|
^
}MazMawa}Mz[a}Qn¼|
s
z[a]ﬂá.p
ñ0ñ+é
^_`ab
"  NM°#¯º±¯¢´

¹G°i¹´((·

	"´ Rº±
Process
Set
Processor
Set
Data parallel
Object
Dependent
Language Machine
Constraint
Compiler
Choice
Set
Virtual procesor
Å
yk
r
a(d	
"´±´¶´°p´lµ µŁ¹#µ`µŁ´

²Q´

¹#º&	¯º±°#¯G²Q±³¹%	y´±´¶´°p´xµ¢µŁ¹#µÂ·#¹¤¸R± º·

±³·´®R¯¢°±³²Q´lµN´y¸M¯

¹ 4µŁ´xº9º:¯ ¸¤´xµN	y´±´¶´°p´lµ µŁ¹#µ
¸9·¶`¯µŁ¹R°9º ´9¶¬·

¹Q
r
nikXjl*w
rps
|a#hph
sr
¯

±³·\·

¹c¶Â°i·G¸9¹#º9º[¹

·

¹¶Â°p·R¸9¹º9ºv¯ºv´lº9º²B(¹	%±³· 9¹3´9¶¶¹	%±³·\·

¹
¶`°p·R¸9¹º9º·y°

°p·R¸9¹º9º·y°:º¼´y°i¹(´xº9º:²B¹	±³··

µG9¹(´µ¹(±³·¸9· ²

¯¢¸9´y±³¹(±M°i·y²

/¹º9º´

¹(¹¸ [´

¹
8:9 8  ?EVVC<XﬀPOP?EX
Sﬂﬁﬃ "!#%$'&)() +*",.-./0/1*' 0/ C<X HTR ?ZXRFM
]^
avn
^Mr
aavw
ris
Mabch;amQwM¢jl}Mazﬁjx
s
a.|Rjl}ﬁavh
s
yaz%Qo\bjlwMwM}M2hpaa
r
jx3®R¯¢°±³²Q´lµ¶Â°p·R¸9¹º9º·y°:º"wXa
r
}
s
zMavjx}MzﬁQo
jx
s
}M;®R¯¢°±³²Q´lµQ¶Â°i·G¸9¹#º9º:·°9º{n
s
b
s
ya
rps
b
s
}Maﬂ}
s
zMaﬂn
s
jl}
s
n
^
a
r

243l 4ﬁ5376yM83³Í:9 Í<; =4É 9!Î0É§ﬂﬁ³Ê.379>OMy8=3RÉMl lÉB]^
a}§k[b;Xa
rcsl
w
rps
|ahih
syr
h
sx
j½}
s
z[a
s
}Mo j ÀÂa#|nphvn
^
a
|
s
bw[kMn¤jxnp
s
}XjxXw
s
Ãa
r
jx}Mzvn
^
a"|
s
bcwMkMn9jlnp
s
}
sl
n
^
a"b.jx|
^
}Ma  h
s
jlz0 I}MzMa#az/£`n
^
a"npbca¼n
s
|
s
bcwMkMnia%?}MzMawa}MzMa#}§n
n9jlhi¡§h¨³jlMjlhphikMba#z(n
s¼^
jRyaA@kM}Mnph
sl

sr
¡Mª
s
};j$bjl|
^
}Ma!n
^CB
w
rps
|ahih
sr
hÃn
^
jxn|Rjl}Ł}[zM§zMkjlo$w
ris
|#aazEDckM}[Łnih
sx

sr
¡wa
r
kM}Mn
sl
npba*hFDHGI@JGLKMNOﬂ
^
a¼n
^
a
s
jlz
sl
n
^
a"b.jx|
^
}MaﬂŁhMNÃ$©
s
£Mn
^
a(kM}[zMa
r
oQ}Mj
r
|
^
npa|nik
r
a;h
Q
r
nikXjl0aza|Gjlk[hpa$hiaya
r
jl4®R¯¢°±³²§´xµl¶Â°i·G¸9¹#º9º:·°9º`|Gjl};ab.jxwMwaz"n
s
j$}
s
z[a
^
|
^
|Gjx}
^
jRya
s
}Ma
syr
hpaa
r
jxXw
ris
|ahph
syr
hG
]^
a¼|
r
npa
r
¢jXa|
s
ba#h
s
}Mo;n
^
a
s
ya
r
jl`a9¥|a}[|on
^[s
kMnn9jl¡Q}M(|Rj
r
a
sl
n
^
a
s
ya
ri^
aGjxzMh$}Qn
ris
z[kM|ay
PQXÉQﬂﬁ³SRR39">.lÍ 
 
 T93IlM83¢Í09!Ã/Ê½lÍ 
UR 4RM83Í09!
u2jlwMwM}M5hpaa
r
jx!®G¯¢°#±²Q´lµ¶Â°i·G¸9¹#º9º:·°9º4n
s
jﬂ}
s
zMa$}Qn
ris
zMkM|ah
jw
s
hihpMa
s
ya
r
¢jlwMwM}M
sx
|
s
bb;kM}[Ł|Rjlnp
s
}Mh"Qo\|
s
bwMk[n¤jlni
s
}MhR 

j%®R¯¢°±³²Q´lµ4¶`°p·R¸¤¹#º9º·y°h;M
s
|9¡az
s
}ﬁjbcahph9jlya
r
a|aa
s
wa
r
jxnp
s
}0£
s
n
^
a
r
h(®R¯¢°±³²§´xµQ¶Â°i·G¸9¹#º¤º·°9º{|Gjx}
s;s
}0In$h$j
r
ykMaz} ﬂáy/n
^
jln
s
a
r
¢jxwMwM}M|
s
bcb;kM}M|Gjlni
s
}Mh!Qo
|
s
bw[kMn¤jxnp
s
}Mh
^
jlhj"bniaz(k[npŁnIo}zXjxn¤j ¾ wXj
r
jxŁaw
ris

r
jlbchG
]^
a"jx|
^
Ła#yazhpwaaz[kMwvh{
s
k[}MzQoj

jl|n
syr
jl}Mz
hÃya}[a
r
jxŁocŁa#hphG
]^
aﬂ¡QŁ}[z
sxs
a
r
¢jlw[wM}M(a}Ma
r
jlniaz
^
a
r
ay£MI ay4wMwa}M}MX£hn
^
aﬂ
syr
hin$¡Q}Mza|GjxkMhpan{bjRo(hi
s

z
s
}.n
^
a(jxwMwM|Gjlni
s
}zMk[a"n
s
n
^
a"|
s
hpn
sx
hpa}Mz[Ł}[§¦
r
a|aQ}Mbcahph9jlahG©
s
£Mn
^
a"Xa#}Ma9Xn
sl
n
^
hﬂjlwMw
ris
jx|
^
hn
^
jln$n
jxkMn
s
b.jxnp|Gjlo;w
ris
§zMa#h
s
a
r
¢jxwMwM}M.jx}MzhpkMwMw
syr
nph(jxy
r
aQjlnp}Mcnpa|
^
}[

kMa#h"
^
a}½}Ma#azMaz/
ÅMsr
a#mjxbwMay£n
^
a
r
aGjx
|
s
bb;k[}M|Gjlni
s
}[h|Rjl}vaﬂz
s
}MaﬂQo
s
}Mo
s
}Ma;¨ hpwa|¢jl¢ª"®R¯¢°±³²Q´lµQ¶`°p·R¸¤¹#º9º·y°
VÍXÎO4ﬁ<9AW39>¿=4É½SRRﬁ3Il[3³Í:9%0Ê 
U35>Xl[359>URlÍ/xÉMG#ÉM
,~z[o§}jlb|"bjlwMw[Ł}[
sl
®G¯¢°#±²Q´lµ ¶Â°p·R¸9¹º9º·y°:º$n
s
w
rps
|ahih
syr
h|Gjl}jxh
s
akMhpa#z}
syr
zMa
r
n
s
bw
ris
yaÃn
^
aXjx¢jl}M|a
sx
n
^
a$jxwMwM|Gjlni
s
} h4
s
jlz0.X
^
a}ch
s
baÃ}
s
zMahÃXa|
s
ba
s
a
r

s
jlzMaz
sr
k[}MzMa
r

s
jlzMa#z/£!
s
jxz\Xjx¢jl}M|}M2npa|
^
}M

kMah;|Rjl}\avjlwMw[Łaz½n
s
jl¢jl}M|#an
^
a.
s
jlz½Qo½b
s
Q}M ®R¯¢°±³²Q´lµ
¶`°p·R¸9¹º9º·y°9º
]^
a¼jxzMyjl}Qn9jlya#h j
r
a¼j5
s
|Gjl0Gjlni
s
}
sl
n
^
aJY
r
azMhpn
r
MkMni
s
}SZ"w
^
jlhpa#h$jl}Mzj"zMhinp}M|ni
s
}anIÃaa}n
^
aﬂzXjxn¤j
wj
r
jxŁa#
s

t
a|nﬂzMhpn
r
MkMni
s
}/£M
^[s
hpa;jlb h$n
s
|
r
aRjlnpa;wj
r
jxŁa#Łhib £Mjl}[zvn
^
a5
s
jlzvjl¢jl}M|#Ł}[;w
^
jlhia(
^[s
hpa
s
jl0Łh*n
s
jx|
^
aya;a9¥|#Ła#}M|oQ
]^
a;
s
|Gjl0Gjlni
s
}vbcaGjl}Mhﬂn
^
jln
s
}Movn
^
a;w
rps
|ahih
sr
h;n
^
jln
^
jRa(n
s
hpa}Mz
syr"r
a|aah
s
ba®R¯¢°±³²Q´lµ
¶`°p·R¸9¹º9º·y°9º$j
r
a
s
}Mcn
s^
jRa(h
s
ba5amQn
r
j 
sr
¡n
s
z
s
%,$}[z oanG£0n
^
hﬂamQn
r
jc
sr
¡vz
s
ah5}
s
nﬂw
r
aya}Qn
s
n
^
a
r
®R¯¢°±³²Q´lµ
¶`°p·R¸9¹º9º·y°9º
sx
hikM|
^
w
rps
|a#hph
sr
hﬂ
s
}M
s
}n
^
n
^
a#
r
|
s
bcwMkMn9jlnp
s
}/
Å
}Xjlo§£x|
s
bcwMam;
s
jlzcXjl¢jx}M|}M"w
s
|ah|Gjx}.a
a#b;Xaz[zMaz}n
^
a
r
kM}Qnpba
]^
aﬂkMhia
r^
jxh
s
}Mo;n
s
|
^MsQs
hia"n
^
aﬂahpn
s
}Ma
syr^
Łh9¦
^
a
r
w
rps

r
jxb.¦xbjl|
^
}May`©
s
£Mj
^
aGjRQo
[k
r
zMa#}.|Rjl}va
r
ab
s
yaz
rps
b~n
^
a5kMhpa
r
hh
^[s
kMzMa
r
hG
[ \
#R&,ﬀﬂ-ﬂ !"#$%c A&5 A3) ;"4=: '"ﬁc !	$)4)4$)
]^
a"w
r
a#§
s
kMhhpa|#np
s
}
^
jlhh
^Ms
}vn
^
jlnbjlwMwM}Mhpa#ya
r
jl®G¯ °±²Q´xµQ¶Â°p·R¸9¹º9º·y°:º{wa
r
w
ris
|ahph
syr
Q
r
nikXjl0ahn
^
a"bjl|
^
}May£
|
r
aGjxnpahv|
s
bb;k[}M|Gjlni
s
}
s
ya
r
¢jlwMwM}M\jx}MzﬁahiwXa#|¢jloﬁa}XjxMah
s
jlzﬁjl¢jl}M|#Ł}[½hpn
r
jlniayahvn
s
a jxwMwMaz
sr
zXjxn¤j
wj
r
jxŁa#`w
rps

r
jxbhR
]^
hhpa#|np
s
}zMa9}MahﬂQ
r
npkXjx/w
ris
|ahphiah"
^
|
^^
jRyajXaninpa
r
hikMnpazvz[a9X}Mnp
s
}vn
^
jx}n
^
a®R¯¢°±³²Q´lµ
¶`°p·R¸9¹º9º·y°9º{jx}Mzh
^Ms
h
^[s
ﬁzXjln9jwXj
r
jla`|
s
bwM¢jlni
s
}(|Rjl}XaﬂamQnia}MzMazn
s
hpk[wMw
sr
n*n
^
ab
ï¢ð/ñ0ï¢ò
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·


  9<;  HJMNXFC<Xﬀ F?NHJ?ZV?EIJ?E><>MN>%DR
OQVC<>?UHTCR
XPOPRFMN>[ C HQYC<IBHJL?A>WVI RDMN@B@BMN@
ÆÃk
rpr
a#}§n|
s
bw[Ła
r
h4ya}Ma
r
jlnia"|
s
zMa
syr
®G¯ °±²Q´xµy¶`°p·R¸¤¹#º9º·y°9º4Xa#|GjlkMhia"n
^
aojlhihpkMbca$n
^
jlnÃn
^
a*|
syrir
ahiw
s
}MzM}M;w
ris
|#ahph*Ł
a¼jx
s
}Ma
s
}jﬂw
rps
|ahih
syr
:){kMnR£yn!hiaabch{}Qnpa
r
ahpni}M(n
s"^
jRahpaa
r
jx`hpkM|
^
®R¯¢°±³²Q´lµl¶`°p·R¸9¹º9º·y°9º4wa
r
w
rps
|ahih
syr
 I}
syr
z[a
r
}
s
nÃn
s
|
s
}

kMhia"Xa#nI{aa#}vn
^
a5|¢jlhphi|¼Qa jl}Mzcn
^
hQa"£MÃa"j
r
a¼
s
}Mn
s
zMa9X}[a"Q
r
npkXjx`w
rps
|a#hphpa#hG
X½azMa:X}Ma¼j§
r
npkXjxMw
rps
|a#hph$jlhjﬂwXj
r
n
sx
n
^
a*zMhpn
r
MkMniazz
s
b.jxŁ}"jx}Mzn
^
a|
s
bcwMkMn9jlnp
s
}
r
a¢jlnpa#zn
s
ŁnR£y

{a
r
a

a
r
n
s
n
^
a;·

¹G°ﬂ¸9· ¶Â²Q±³¹º"°²µŁ¹Ãn
^
jlnÃb
s
hpnÃzXjln9j"wXj
r
jxŁa|
s
bwMa
r
hkMhpay In{a#b;Xaz[hn
^
aﬂ
s
Ł|Rjl

k[}M|np
s
}Xjlnpah
sl

^
jln
|# jxhphiŁ|Rjl|
s
bcwMŁa
r
h4b.jxwMwXa#z(n
s
j;®R¯¢°±³²§´xµy¶`°p·R¸9¹º9º·y°£x  ay0n
s
jﬂw
rps
|a#hphGÃ©
s
£QjﬂQ
r
nikXjlw
rps
|a#hph|Gjx};Xa*hpaa}vjxh!n
^
a*|
s
zMa
a}Ma
r
jlniaz\jln*n
^
aw
rps
|a#hphŁa#ya4Qo|¢jlhphi|Gjl4zXjxn¤jcwXj
r
jla/|
s
bw[Ła
r
h$Mk[n$n
^
n
^
a;jlhihpkMbcwMnp
s
}.n
^
jlnﬂbjl}Qo;Q
r
npkXjx
w
rps
|ahihpahﬂ|Gjx}.a"bjlwMwazn
s
j"w
rps
|ahih
syr
Q¢j(j5w
ris
|#ahphR
Å
yk
r
a"ŁkMhin
r
jlnpa#hn
^
hb
s
zMa# 
Node SetData parallel Object
Dependent
Language
Virtual Process Set
Dynamic
Mapping
Å
yk
r
a$S
"´±´*¶M´y°i´lµ¢µ¹µ·5¹9¸G± º¼´°p¹	y¯º±³°¯R²Q±¹	·

±³·;®G¯ °±²Q´xµl¶Â°i·G¸9¹#º¤º¹#º M¹

º¹G®R¹R°p´lµ`®R¯¢°±³²§´xµy¶`°p·R¸9¹º9º¹º$´°p¹´9¶y¶M¹	
·

±³·´

·	¹%5·	¹º"¸9´

¸¤·

±³´y¯

·

¹ ¶Â°i·G¸9¹#º9º:·°ﬂ·y°ﬂº¹R®G¹R°p´xµ`º [´y°i¹ 	\(¹#·y° *¶`°p·R¸¤¹#º9º·y°9º
]^
azXjxn¤j;wj
r
jxŁa#/|
s
bwM¢jlni
s
};b
s
zMa
^
jlh*n
s
XaamQnpa}[zMaz½a|Gjlk[hpa;}
s
 |
s
bwMa
r
hz
s
}
s
n$a}Ma
r
jlnpa;w
rps
|ahih
syr
aa/|
s
z[a"MkMnQ
r
nikXjl0w
rps
|ahihﬂŁa#ya0|
s
zMay
]^
a"zMÁÀ`a
r
a#}M|aŁhn
^
jln*|
s
bcb;kM}MÁ|Gjlni
s
}Mh!anIÃaa}nI
s
Q
r
npkXjx/w
ris
|ahphiah
|Rjl}va(
s
|Gjxn
s
j}
s
zMa
sr
|Gjx} aXanIÃaa}nI
s
zMÁÀ`a
r
a}Qn"}
s
z[ahG
]^
hﬂjlwMw
ris
jx|
^
b
s
zMÁXah*n
^
a|
s
bcwM¢jlnp
s
};b
s
zMa
n
^
jlnﬂzMaRjlhﬂŁn
^
|
s
bb;kM}M|Gjxnp
s
}[hG*Ä
s
Ãaya
r
£`nﬂz
s
ahﬂ}
s
nﬂ}QyjlzXjlnia¼n
^
a;|k
rir
a}Qn"|
s
bw[Ła
r
h$Mk[n
s
}Moa}Xjl[Ła#h"}Ma
s
wMnpbc0Rjlnp
s
}Mh`};n
^
a|
s
bb;kM}[Ł|Rjlnp
s
}Mh`Xa#nI{aa#}Q
r
npkjlMw
ris
|ahphiah
s
}(n
^
a$h9jlbca{}
s
zMa
$s
"£lan  hamMjlb}MaÃ
^
jxnn
^
h
jxwMw
ris
jl|
^
baRjl}Mh
syr
n
^
a"nI
s
b.jx};zXjln9j"wXj
r
jxŁa`|
s
bw[Ł¢jxnp
s
}b
s
zMahR£yn
^
a"Ä
qÅ
jl}[z Æ*Çﬂb
s
zMa#ŁhR
)=4É
	 
½Í/Î/É ﬁ
ﬂd "#!zMa9}Mah"j;n
^Mr
aaaya#bjlwMw[Ł}[
sl
zjln¤j[
]^
a"
r
hpnﬂaa/h¼jx} jly}[ba}Qn!aaI,
rir
jRoQh
j
r
ajly}Maz
r
a# jxnpyacn
svs
}Ma.jx}
s
n
^
a
rsyr
n
s
jG£0
^
|
^
h(jx}\jlMhin
r
jx|n
r
a

a
r
a#}M|a j
rpr
jRoQ
]^
a}0£!j
rpr
jRoQh3j
r
a
z[Łhin
r
Ł[kMnpaz
s
}Qn
s
jlMhin
r
jx|nw
rps
|ahih
sr
hG
]^
a;¢jlhpn5Ła#yah"zMa#|¢j
r
a#z\n
s
Xajl}
s
w[np
s
}Xjx!bwMabca}Qn¤jxnp
s
}Q¾IzMawa}Mz[a}Qn
z[
r
a|niŁav¨<ﬂd "#p£0w/yª In"|
s
}[hphpnih"}½b.jlw[wM}MjlMhin
r
jl|nw
rps
|a#hph
sr
h
s
}§n
s
w
^
o§hi|Gjl!w
rps
|ahih
syr
hG©
s
£`n
^
a.jxMhpn
r
jx|n
w
rps
|ahih
syr
h
sl
n
^
acÄ
q!Å
b
s
zMa#a|
s
ba
s
k
r
Q
r
npkjl!w
ris
|ahphiahG X
^
Ła|¢jlhihp|GjlÃzXjxn¤jcwXj
r
jla!|
s
bwMa
r
h¼bjlw
s
}Ma
jxMhpn
r
jx|n$w
ris
|ahph
syr
wa
r
}
s
zMay£
s
k
r
jxwMw
ris
jl|
^
b.jxwMhÃhpaa
r
jxQ
r
nikXjl0w
rps
|a#hphpa#h"wXa
r
}
s
z[ay:,$h¼jxh
s
h
^[s
}.} ﬂá.p£Mn
^
a
Q
r
nikXjl`w
rps
|ahih¼jlw[w
rps
jl|
^
Xnph*ya
r
oÃa`Ł}cn
^
a5 jxhpnaa
sl
n
^
a"Ä
q!Å
b
s
zMaI
)=4Éﬁﬀ
½Í/Î0É ﬁ
£`n
^Ms
kMnﬂb.jl|
^
}MazMawa}Mz[a}Qn

k[}M|np
s
}XjlnpahR£`h"hpbw[Ła
r
a|Gjlk[hpan
^
a;w
rps

r
jxbba
r
|Gjx}½}
s
n
hiwXa#|

o%n
^
avz[Łhin
r
Ł[kMnp
s
}
sx^
Łh9¦
^
a
r
h
^
jlwahG!)Ão%zMa9X}[Łni
s
}!ﬂáyp£ÃaGjl|
^
Æ*ÇvQ
r
nikXjl*w
rps
|ahih
sr
hjl}%}MzMawa}MzMa#}§n
w
rps
|ahih
syr
 I} u pu
Ï
bjl|
^
}MahR£Qn
^
aﬂh
^
jlwah"j
r
aﬂzMhin
r
Mk[npazv}cM
s
|9¡c§och
s
ba$|
s
bw[Ła
r
h{n
s
}M|
r
aRjlhpa
r
jl}/
]^
a}/£
aRjl|
^
M
s
|9¡;ab;kM¢jlniahn
^
aÆ*Ç"§
r
npkXjx`w
rps
|ahih
sr
h"}Q
r
npkXjx0Rjlnp
s
};
sQs
wMhG X½a¼z[a|zMan
^
jxnn
^
a"Q
r
nikXjl0Gjxnp
s
}MhÃ
sQs
wMh
j
r
aﬂn
^
abhiayahamQa|#kMnpazQo;h
s
ba$Q
r
nikXjl`w
rps
|ahihpah"n
^
jln
^
jRyaﬂn
s
Xa5b.jlw[wXaz
s
}vj5hpan
sl
}
s
z[ahG
©
s
£4n
^
acQ
r
npkXjx{w
rps
|ahih;b
s
zMa!a#m§nia}MzMh;a
r
o½ÃaÃn
^
aÄ
qÅ
jl}Mz½n
^
a.Æ*Ç|
s
bcwM¢jlnp
s
}vb
s
zMaXa|RjlkMhia.n
s
}Mo
a#m§nia}MzMh*n
^
aﬂbw[Ła#ba}Qn¤jxnp
s
}
s
ﬁaya#`wXj
r
n
sl
n
^
a#hpa"b
s
z[ahG
  9 8 ﬂOPV>MNOPMX HJC<XA$YC<ITHTL?E> VIJRDMN@B@BMN@
«*}Ma;h
s
kMni
s
} h"n
s
ab;az½jQ
r
npkXjx!w
ris
|#ahph}\jw
rps
|ahihjl}Mz½bjlwvhiaya
r
jlÃw
rps
|a#hphpa#hwa
r
w
rps
|ahih
syr
hG+){kMnR£/n
^
h
jxwMw
ris
jl|
^
hpkQÀ`a
r
h(nI
s
b.jl}w
ris
MabchG
Å

r
hinpoQ£`h
s
ba
^
j
r
zMj
r
ah(jx}MzX¦
srﬂs
wa
r
jxnp}MhpoQhpniabhﬂ¡yan
^
aÆf ,ﬃ
]

Ï
sr
n
^
a  ) u ©
q

s
}Mowa
r
bcŁnbjlwMw[Ł}[
s
}Ma5w
rps
|ahihﬂwXa
r
}
s
zMa ©a|
s
}[zMo§£[b.jlw[wM}M(hiaya
r
jl4w
ris
|ahphiah"n
s
j;}
s
zMa"h
}
s
n"jl}a9¥|a}Qn"h
s
kMnp
s
}
syr
n
^
a
s

s
}M
r
aGjxh
s
}[hG
Å

r
hinG£0n
^
a©
q
u
Ï
|
s
zMa;h
r
aw[Ł|Gjxnpaz½a#ya}½n
^Ms
kMbcab
sr
oh
jbniŁ}[
r
ah
s
k
r
|a
syr
zXjln9jwXj
r
jla/w
ris

r
jlbchGÃ©Qa|
s
}Mz/£`|
s
bb;kM}[Ł|Rjlnp
s
}MhÃanI{a#a} 
s
|Gjx/w
ris
|#ahphiah(j
r
a"amQwa}Mhpa
a#ya}½

n
^
ao\j
r
a
s
} n
^
ah9jlbaw
ris
|#ahph
syr
 I}½h
s
bca3j
r
|
^
npa|#npk
r
ahG£Ãn
^
Łhﬂz
r
jRXjl|9¡|Gjl}½ah
s
ya#z QokMhp}Mvh
^
j
r
az
bcab
sr
oQ£RMkMnnh{}
s
nw
sr
n9jlMay
]^

r
zMo§£Qw
ris
|ahph*|
s
}QniamQn$hpni|
^
ah¼j
r
aﬂamQwXa#}Mhpya
©
s
£QnŁhh
s
bca¼nibah

aGjxhpMaﬂn
s
bwMab;a#}§nÃj§
r
npkXjx`w
rps
|ahihﬂŁ}Qn
s
jw
rps
|ahihﬂMkMnnh}
s
nw
syr
n¤jl[Ła
s
} jx`¡§}Mz
sx
b.jx|
^
Ł}[ah!jl}MzcŁnŁh}
s
n!a
r
o;a:¥|a}QnGI}

jl|nR£yÃa$
s
kMz;¡yaÃn
s^
jRyah
s
bcan
^
}Mﬂ
^
n!n
^
jln!|Rjl}
r
kM}}jﬂw
rps
|ahihG
 
^
nI{a#Ł
^
n$w
ris
|#ahphiahjlwMwaGj
r
n
s
w
ris
§zMa;jc
sQs
z h
s
kMni
s
}/(©
s
£`n
^
a;}MamQn"hinpaw¿Łhﬂn
s
z[a9X}Ma;
^
nIÃa
^
n$w
ris
|ahphiah
jx}Mzz[Łhin
r
Ł[kMnpaz2bab
syr
o5b;kMnpn
^Mr
aGjlz[aza}QQ
rps
}Mba}QnÃb
s
zMahR
ñ0ñ+é
^_`ab
'  NM°#¯º±¯¢´

¹G°i¹´((·

	"´ Rº±
  
&"X>~$#&;"?c !	*))4*) " @ﬂ !"*ﬁc !(&5 !-R&
I}n
^
Łhﬂhia|np
s
}/£/ÃaŁ0
r
hpn
r
a|Gjl4n
^
a;b.jl}|
^
j
r
jl|nia
r
hinp|h
sl
n
^
a;n
^Mr
aGjlz½|
s
}M|a#wMn(jl}[z 
^
ovnﬂh¼Ãa4hpkMniaz½n
s
wj
r
jxŁa#!w
rps

r
jlbbc}MX
]^
a}/£!Ãaw
r
ahia}Qn;h
s
bca
sl
n
^
ab
s
hin
r
aw
r
ahpa#}§n9jlniŁava}QQ
rps
}[ba}Qnph5n
^
jxn3j
r
a}Qnpa#
r
jxnp}M
n
^Mr
aRjlzMhﬂjl}Mzc|
s
bcb;kM}M|Gjlni
s
}Mh
s
}zMhin
r
Mk[npazvj
r
|
^
npa|nik
r
a#hG
 9<;  IJMU?EF@
 
^
nI{a#Ł
^
nw
rps
|ahihpah"j
r
aﬂ
sr
}
³rps
b n
^
aﬂŁz[aGj
sx
hiawXj
r
jlniŁ}[(|
^
j
r
jl|#npa
r
Łhinp|h
r
a¢jlniazn
s
¹¹¤¸R²Q±¯ ·

·4º
³rps
b n
^Ms
hpa
r
a¢jlniaz½n
s
hpoQhinpab
r
a#h
s
k
r
|ahv¨ |
s
zMay£4bcab
sr
oQ£
s
wa}Maz Xahﬂn¤jl[Ła£/ani|yáª%}MhpzMahpoQhinpab w
ris
|#ahphiahG
]^
k[hG£4jn
^Mr
aRjlz
|Rjl}Xa;|
s
}MhpzMa
r
az¿n
s
Xa;}
s
nﬂb;kM|
^
b
sr
a"n
^
jl}½jl}amQa|k[np
s
}½hin¤jl|9¡½jl}Mz½jl}}Mhpn
r
kM|#np
s
}½w
s
}Qnpa
r
;©Qaya
r
jln
^Mr
aGjlzMh
|Rjl}
r
kM}}MhiŁz[a¼n
^
aﬂh¤jxba$hioQhpnpa#b@w
rps
|ahihG£h
^
j
r
}M;nih$jlzMz
r
ahph*hpwXjx|ay£[|
s
zMa(jl}[z
s
n
^
a
r
hpoQhpniab
r
ah
s
k
r
|ahR
]^
a#hpav|
^
j
r
jl|#npa
r
Łhinp|hb.jx¡ya
s
wa
r
jxnp
s
}Mh
s
}%n
^[r
aGjxzMh ¨ |
s
}Qnpa#m§nchpnp|
^
£Ã|
r
aGjlni
s
}/£a#np|yáª
r
kM}ﬁjln;aGjxhpn.jx}
syr
z[a
r
sx
bjl}MnpkMzMa

jlhinpa
r
n
^
jl}½n
^Ms
hia
r
a¢jxnpaz½n
s
hpoQhpniab w
rps
|a#hphpa#hG
]^
jln hﬂn
^
ab.jx}
r
aGjlh
s
}½
^
|
^
b.jx¡yah*n
^
a#b a
r
o
}Qnpa
r
ahinp}M;}wXj
r
jlaÂjxwMwM|Gjlni
s
}MhRE,$}
s
n
^
a
rr
aGjlh
s
}vh
s
kM}[z.n
s
n
^
a
r
jxMŁnIon
s
a:¥|a}Qnpo
s
a
r
¢jlw p¦y«  jxnpa}[|ah
Qo"|
s
bw[kMn¤jxnp
s
}Mh4hiŁ}[|a$}MhiŁz[a jﬂhioQhpnpa#b~w
rps
|a#hphG£MjM
s
|9¡az;n
^Mr
aGjlz¨¢hphikM}M"jl} p¦«
s
wXa
r
jlni
s
}Xª4|Gjx}
sl
nia};a

k[Ł|9¡Qo
r
awM¢jl|#azvQo.j
r
aGjxzMo¾ n
s
¾IamQa|kMnia(n
^Mr
aRjlzvQon
^
a"hi|
^
azMkMa
r

]^
a

kXjxŁnIo
sx
n
^
ahpanI
s
b.jl};w
ris
wa
r
niahe a9¥|a}M|o
jx}Mz p¦«
r
a|
s
ya
r
ocezMa#wXa}[zMh$kMw
s
}vjxn
^
|
^
aa`n
^
a5n
^Mr
aGjlzhp|
^
a#zMkMa
r
h{bw[Ła#ba}Qnpa#z/
X
^
a};n
^
a*hp|
^
az[kMŁ}["h!bwMab;a}Qniaz(jlnn
^
a*hpoQhpniab~aya# £xn
^
a}cn
^Mr
aGjlz[h j
r
a|GjxŁaz¹R°

¹#µXµ¹G®R¹µln
^Mr
aGjxzMhjl}Mzj
r
a
hi|
^
azMkMaz;Qo"n
^
aÃhpoQhpniab hp|
^
azMk[Ła
r
nphia


]^
h!jl
s
h/n0n
s
|
syrir
a|#npo(n
r
jxw;M
s
|9¡Q}M$|Rjlhjl}[z(oQaz"n
^
aamQa|kMni
s
};n
s
jx}
s
n
^
a
r
n
^Mr
aGjlz}"n
^
aÃw
ris
|#ahphR£
syr
n
s
bjl¡ya4b;kMniŁn
^Mr
aRjlzMaz"jxwMwM|Gjlni
s
}Mh/a}Ma:Xn
rps
b n
^
a
r
aGjxQkM}MzMa
r
o§}M*wXj
r
jlahpb
Qo½n
r
jl}[hpwXj
r
a}Qnpo½Xjx¢jl}M|}Mn
^
an
^[r
aGjxzMh.jxb
s
}[.n
^
avjRyjl¢jlMaw
rps
|a#hph
sr
hR%Ä
s
Ãaya
r
£
s
wXa
r
jlni
s
}Mh
sl
¡a
r
}[a$aa
n
^Mr
aRjlzMh*oyan}M|k
r
h
s
bca
s
a
rp^
aRjlzzMkMa"n
s
|
rps
hihp}MchpoQhpniab+
s
k[}MzXj
r
ah
sr
aRjl|
^
|GjxŁI
X
^
a} n
^
a;hp|
^
a#zMkM}MvhﬂŁbcwMaba#}§niazvjlnﬂn
^
av²yº¹R°µŁ¹R®G¹#µŁ£ n
^
a;hio§hinpab hi|
^
azMkMa
r
h¼}
s
n"jR j
r
a
sl
n
^
a;a#m§hinpa}M|#a
sx
n
^Mr
aRjlzMhR ,$h;j
r
ahpk[ŁnR£4kMhpa
r
aa{n
^Mr
aRjlzMh
sl
jl}\jxwMwM|Gjlni
s
}v|Gjx}\}
s
n¼ahi|
^
azMkMaz
s
ya
r
hpaa
r
jxw
rps
|ahih
sr
h;Qo
n
^
ahioQhpnpa#b }
syr
XacM
s
|9¡az½}MzMQŁz[kXjlo
s
}\jhio§hinpab |GjlI
Ï
ahiwMnpa
sl
n
^
ahpaz
r
jRXjl|9¡QhG£0kMhpa
r
Ła#yaÃn
^Mr
aGjlz[h3j
r
a
}Qnpa
r
ahinp}M;a|Gjlk[hpan
^
a
r
bjl}Xjxyabca}Qn!hya
r
oa9¥|a}Qn$jx}MzXa|RjlkMhia(n
^
a

kM}[|np
s
}jlnpah
sl
n
^
a
r
kM}Qnpbaﬂj
r
aﬂaGjxhpo
|#kMhpn
s
b0GjxMa$Qojl}vjxwMwM|Gjlni
s
};w
rps

r
jlbbca
r

]^Mr
aGjlz[h;am
^
Mn;
sQs
z\w
ris
wa
r
niŁa#h
sr

s
n
^
a:¥|a}M|o%jl}Mz¿aGjlhia9¾
sx
¾IkMhpay
]^
jln h;
^
o½n
^
ao j
r
akMhpa#z }¿b.jl}Qo
jxwMwM|Gjlni
s
}XazMhhikM|
^
jlhÃXa$hia
r
a
r
hR£|
s
bcwMŁa
r!r
kM}QniŁbcahﬂ p£Q
r
jxw
^
|Gjx`Ł}Qnia
rI
jx|ah
sr
aya}vj
r
|GjxzMaﬂ§jlbcahGI}n
^
h
r
ahpwa|nR£Mn!h!}
s
n!hpk
r
w
r
Łhi}M(n
^
jlnn
^
a*wXa
s
wMa$}Q
s
ŁazŁ};n
^
a$z[ahpy}
sx
wXj
r
jlaXjxwMwM|Gjlni
s
}Mh
^
jRyan
r
azcn
s
}Qnpa
r
jxnpa
n
^Mr
aRjlzMh*Ł}czMhpn
r
MkMniazv|
s
bwMkMni}M"a}QQ
rps
}[ba}QnphR X½aﬂzMa#ya
s
wn
^
h{w
s
}Qn}n
^
a
s

s
}Mﬂhpa|#np
s
}/
 9 8  IJMU?EF@ ?EXF FC<@HJIJCKLHJCR
X
Ï
kMa*n
s
n
^
aJYIX}Maﬂ
r
jl}Ma#zSZ(|
s
bw[kMn¤jxnp
s
}
r
ah
s
k
r
|aj"n
^Mr
aGjxz
r
a#w
r
ahia}QnphR£X
s
n
^
Ł}cnpa
r
bh
sl
a9¥|a}M|ovjx}Mzhi|Gjl¢jl[ŁnIoQ£
nihkMhpa"}c|
s
bcwMkMn¤jxnp
s
}c}§nia}MhiŁaﬂwXj
r
jla/jlwMw[Ł|Gjxnp
s
}[h{jlh
r
a|a}Qnpoa}MQjlaz/ I}wXj
r
niŁ|#kM¢j
r
£Qn
^
a"|
^
jxŁa}[yaﬂ jxhn
s
}Qnpa#
r
jxnpa*n
^
ab n
^
|
s
bb;k[}M|Gjlni
s
}ﬂba|
^
jx}Mhpbh4}
syr
zMa
r
n
s
Xa#}Ma9Xn
rps
b n
^
a
r
jlMnIo"n
s5r
a|
s
a
r
p¦y«
s
wa
r
jlnp
s
}Mh
¨ I a/|
s
bb;kM}[Ł|Rjlnp
s
}Mh¤ª
s
}zMhin
r
Mk[npazvj
r
|
^
npa|nik
r
a#h¼hikM|
^
jlhÃ}ManI
syr
¡Qh
sl

sr
¡Qhpn9jlni
s
}MhG
]^
a
r
a(j
r
aﬂnI
s
bjl}; jRoQh
sxr
aGjl0}MhpkM|
^
jx}}Qnpa
r
jlni
s
}/
]^
a5
r
hpn
s
}Ma(|
s
}MhiŁhinph"}vz
s
}Mn
^
hﬂŁ}Qnia
r
jlnp
s
} jln*n
^
ajxwMwM|Gjlni
s
}Ła#yaI£`Qo¢jRoya
r
Ł}[
s
n
^s
}2n
s
w
sl
j|
s
b;¾
b;k[}M|Gjlni
s
}"
r
j
r
o;jl}Mzj"n
^Mr
aGjxz
r
j
r
oQN,*n
^Ms
kM
^
n
^
h jxwMw
rps
jl|
^
bjRo(jlw[wXaGj
r
hin
r
jl
^
n
³syr
j
r
z/£hpaa
r
jx`w
rps
Mabh
bjRo(aﬂa}M|
s
kM}Qnpa
r
az 
`É 
½S903I R4lÍﬁÉ 

u
s
hpn
sl
|k
rir
a}QnÃ|
s
bcb;kM}M|Gjlni
s
}ﬂŁ
r
j
r
ah$¨
q
»¼u ﬂdGp£yu
q
ﬂáyp£lani|Gª{j
r
a*}
s
n4zMahiy}Mazcn
s
a
kMhpaz}jﬂb;kMniŁn
^Mr
aRjlzMaz|
s
}§niamQn¼¨ I a4n
^
ao;j
r
a$}
s
n¼±M°i¹9´	(p´!´y°i¹¤ª#
Å[syr
amMjlbw[Ła£Gh
s
bcaw
r
bniŁah!jl
s
}M¼j
w
rps
|ahih$n
s
jln
sr
j5ba#hph¤jxyaﬂj
r
a
sl
nia}w
rps
QzMaz/£QMk[n{n
^
a
r
ahikMn
sx
hpa#ya
r
jl`n
^[r
aGjxzMh$|GjxŁ}MﬂhikM|
^
j5w
r
Łbcnpya
Łh}
s
nzMa9}Maz\¨   ay4
^
Ł|
^
n
^Mr
aGjlzvyan*n
^
aﬂba#hph¤jxya	lª
 ÉM8=9T3Il ﬁR4lÍXﬁ³Éﬃ

I}(jlzMz[Łni
s
}ﬂn
s
n
^
a{w
r
aQ
s
kMh0hpabjl}Qnp|!w
ris
Mab£
s
}Ma
^
jlh/n
s
|
s
}MhizMa
r
n
^
aÃkMhikXjlQ|GjxhpaÃ
^
a
r
an
^
a
|
s
bcb;kM}M|Gjlni
s
}Ł
r
j
r
oh}
s
n
r
aa}Qn
r
jl}Qn;¨¢}
s
n"±[°p¹9´	Iº´<¹9ª ,$h¼j
r
ahpk[ŁnR£hpoQ}M|
^Mrps
}M0Gjlni
s
}ba|
^
jx}Mhpbch¼¨ hpkM|
^
jlhb;kMniamQah¤ªÃj
r
a¼}[aazMaz2n
s
a}Mhpk
r
a"amQ|kMhiya"jl||#ahph*n
s
n
^
aﬂ|
s
bb;kM}M|Gjxnp
s
}Ł
r
j
r
o3jx}Mz Ypw
s
Ł}[jx
syr
n
^
bch Z
^
jRyaﬂn
s;r
awM¢jl|#a"zM
r
a|#n|Gjlhn
s
M
s
|9¡QŁ}[(w
r
bnpya#hG

ﬀ9>:3594É§ÉQ 359 >JR4lÍXﬁ³É 
7Å
Ł}jlo§£`Qovh
s
Q}Mn
^
acnI
s
w
r
aQ
s
kMh"w
ris
Mabch"jln"n
^
a.jxwMwM|Gjlni
s
}vaya# £0ab;azMzM}Mvj

s
n
sx
YphiwXa|# |¼hioQ}M|
^Mrps
}M0Gjlni
s
};|
s
zMaZ;n
^
Ł}
r
ayk[ j
r
|
s
zMaﬂb.jRo5w
r
aa}Qn{h
s
bcawXj
r
nph
sl
n
^
a¼jxwMwM|Gjlni
s
}
rps
b
Xa}M;aRjlhpo
r
akMhiaz/
ï¢ð/ñ0ï¢ò
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·


Xﬁn
^ r
ahpwa|n;n
s
n
^
ahiabw
syr
n¤jl}Qn*z
r
jRXjx|9¡§hR£/n
^
h*
r
hin(jlwMw
rps
jx|
^
Łhﬂ}
s
hpaz
s
b kMhpaz
³syr
n
^
a;a}Ma:Xn
sx
n
^
a
hia|
s
}Mz
s
}Ma	$n
^
a(}Qnpa#
r
jxnp
s
}
sl
n
^Mr
aGjxzMh(jx}Mz |
s
bb;k[}M|Gjlni
s
}MhÃŁn
^
} j;a}Ma
r
|/(²µŁ±³¯¢±M°i¹¤´	y¹	"a#}§Q
rps
}Mba#}§nR
]^
a
bjl}zMaRj;hﬂn
s
w
rps
QzMa(j;Ãa4zMa9X}[az½w
rps

r
jlbbc }M5b
s
zMa0
^
a
r
a;n
^
an
^Mr
aGjlz|
s
}[|awMn"h4Ypy
s
Xjl Zn
s
n
^
a
^Ms
Ła
k[}MzMa
r
ŁoQ}M"j
r
|
^
npa|nik
r
a¨jx}Mz(}
s
n
t
kMhin
^
zMzMa}}Qn
s
hpoQhpniab w
rps
|a#hphpa#h¤ªjl}[z(
^
a
r
an
^
anpa|
^
}M|GjxXw
rps
[Ła#bhj
r
ah
s
yaz
s
kMnphizMa"n
^
a(jlwMw[Ł|Gjxnp
s
}cayaIfa#|a}QnpoQ£Xjhpn
rps
}Ma9À
syr
n
^
jlhaa}b.jxzMa$}vn
^
h
r
ahiaGj
r
|
^
az/:,$h¼j
r
ahpk[ŁnR£b.jl}Qo
b;k[Łnin
^Mr
aGjlzMa#z(a}QQ
rps
}Mba}Qnih{j
r
a$}
s
­jRyjx jxMa
s
}jﬂzMa
r
jl}Ma
sx
zMhpn
r
MkMnpa#z.j
r
|
^
npa|nik
r
a#h ﬂd'Q£`d#.Q£§[£XdRM£B'M£Qyp
,*n
^Ms
kM
^
n
^
ahia(a#}§Q
rps
}Mba#}§nih j
r
aﬂya
r
ozMÁÀÂa
r
a}QnG£[n
^
a5b.jl};bca|
^
jl}Mhibh!n
^
aow
rps
QzMa"j
r
a
sl
nia}vj|
s
b;M}Xjxnp
s
}
sl
³s
k
r
jlhp|ﬂw
ris

r
jlbcb }[$b
s
zMa#Łh
^
|
^
j
r
a¼n
^
a 	´y±³´(<	°¯¢®R¹

¹¹¤¸R²Q±¯ ·

b
s
zMaI£ln
^
a;°p¹#(·±¹ﬂ±M°i¹¤´	;·9¶M¹G°i´y±³¯¢·

b
s
zMaI£
n
^
aG(¹#º9º´

¹¶M´lº9º¯

b
s
zMa`jl}[z.n
^
a;°p¹#(·±¹ ¶Â°i·G¸9¹	y²Q°i¹"¸9´lµ¢µQb
s
zMaI
]^
a	y´±´<	y°¯ ®G¹

¹y¹9¸R²Q±¯¢·

b
s
zMah

aGjlnik
r
az;Qo"a#}§Q
rps
}Mba#}§nih/hikM|
^
jlh!ÆÃŁ¡Gﬂá
syr4]$q
»ﬂu ﬂŁdRp I}3ÆÃ¡`£Rn
^Mr
aGjlzMh
s
}Mo(a#m§a#|kMnpa5}
s
}Q¾IM
s
|9¡§}M5|
s
zMa"jl}MzczMawa}MzMa}[|ahﬂXanIÃaa}n
^Mr
aGjxzMh¼j
r
a*hpkMwMw
syr
npaz2§ojc¸9·

±³¯

²Q´±¯¢·

ba|
^
jx}Mhpb
n
^
jln;hin¤j
r
nphjv}[a@n
^Mr
aGjlz
s
}Mo½
^
a}ﬁjxŁnih;zMawa}MzMa}[|ah j
r
ah¤jlnihIXaz0ﬁÄ
s
Ãaa
r
£h
s
bca.jlw[wMŁ|Rjlnp
s
}Mh(bjRo a
z[ ¥|#kMn{n
s

r
npaﬂ}n
^
hb
s
zMaI
]^
jln  hÃ
^
on
^
a
]$q
»ﬂu jxwMw
ris
jl|
^
jlh
s
wa
r
bcnphÃbahih¤jlaﬂwXjlhihp}MX
]^
ac°p¹#(·±¹±[°p¹9´	c·9¶M¹G°i´y±³¯¢·

b
s
zMa`h

aGjlnik
r
az2§oca}QQ
ris
}Mbca}QnphhikM|
^
jxh$Æ
^
jl}Qn ﬂd#.
syr
f
]^Mr
aGjxzMh ﬂdRÕ
]^
h
jxwMw
ris
jl|
^
amQnia}MzMhn
^
a$hiab.jx}§ni|
sx
jﬂhpkM[hpan
sx
|
s
bb
s
}"n
^Mr
aGjxzMh
s
wa
r
jxnp
s
}Mhﬂ¨¢|
r
aGjxnp
s
}/£
t:s
}M}MX£R|Gjx}M|a¢jxnp
s
}/£ani|GªÃn
s
jzMhpn
r
MkMniazv|
s
}§niamQnG,*Łn
^Ms
k[
^
n
^
h¼jlw[w
rps
jl|
^
b.jRocb.jx¡ya$n
^
azMahp}
sx
z[Łhin
r
Ł[kMnpaz½jlw[wMŁ|Rjlnp
s
}Mhya
r
ovhpn
r
jxŁ
^
nI¾
³syr
j
r
z/£ŁnhÃŁbcnpazn
s
h
s
baYi{a#Ł`a
^
jRazSZ;bca|
^
jl}Mhibh$¨ n
^Mr
aGjlzMh|
r
aGjxnp
s
}
syr/t:s
}M}M§ªAŁ}
syr
zMa
r
n
s
jR
s
z;hpa#ya
r
a
a:¥|a}M|o½w
ris
Mabchﬂnpaz½n
s
}ManI
syr
¡¢jlnia}M|ahR
Å[syr
}Mhin¤jl}[|ay£4hpoQ}M|
^Mris
}M0Gjxnp
s
}½bca|
^
jl}[Łhibh*hpkM|
^
jxh"hpa#b.jlw
^Msyr
ah
j
r
a
r
j
r
ao Yin
r
jx}Mhpwj
r
a#}§nio+Z½a#m§nia}MzMa#zﬁn
s
j2zMhpn
r
MkMniaz%|
s
}Qnpa#m§nR£ÃXa|RjlkMhiavn
^
a
q
jl}[z »
s
wa
r
jlnp
s
}Mh
s
}ﬁj
r
ab
s
npa
hiab.jxw
^Msr
a$
s
k[ŁzcXa#|
s
bca¼a
r
ocamQwXa#}Mhpya5|
s
bcwXj
r
azn
s
n
^
a
r
Yp
s
|Gjl Z"a
r
hi
s
}MhG
]^
a ¹º9º´

¹;¶M´lº9º¯

b
s
zMa$h

aGjlnik
r
a#z­Qo\a#}§Q
rps
}Mba#}§nihhikM|
^
jxh
]$q
»ﬂu½£Æ
^
jl}Qn
sr.Ï*]
uv©!ﬂáp I}ﬁn
^
h
jxwMw
ris
jl|
^
£[n
^Mr
aGjlz[hj
r
a(jxMaﬂn
s
amQ|
^
jl}[yabahih¤jlah"¨¢k[hpkXjxŁojlhpoQ}M|
^Mris
}
s
kMhpoMªn
^
aRjl|
^vs
n
^
a
r

]^
a
r
a
syr
ay£kM}M

kMa

µŁ·9´lµ

´¹º{j
r
a$jxhphp}Mazn
s
n
^[r
aGjxzMhG£Qh
s
n
^
jxn{n
^
ao;|Gjx};Xa
r
ab
s
niao
r
a

a
r
a}[|azvQoaGjl|
^s
n
^
a
r
!uahih¤jxya$wjlhphi}M(h
a#m§nia}MhiŁaoﬂkMhpaz}"zMhpn
r
MkMniaz"hio§hinpabchG£yjx}Mz
s
}Ma!b.jRoa#m§wa|nb;kMnpn
^Mr
aGjlz[azﬂa}Q§
ris
}Mbca}Qnph`Xjxhpaz
s
}"n
^
h/wXj
r
jxzMyb
a}M½jlh
s
Łz[ao kMhiaz%}
s
jlzXjRoQhGÄ
s
{aa
r
£n
^
abw[Ła#b;a}Qn¤jlni
s
}
sx
n
^
h;b
s
zMa#!z
s
ah;}M|k
r
h
s
ba
s
a
rp^
aRjlz%n
s
jxwMwM|Gjlni
s
}MhÃn
^
jxn{z
s
}
s
n}Ma#az jl|#npQŁniah{n
s
|
sQs
wa
r
jxnpa"}ya
r
oniaz jRoQh%ﬂá("#p
]^
aﬂ¢jlhin{bj
t9sr
b
s
zMa[en
^
a;°p¹#·y±³¹Ã¶Â°i·G¸9¹	y²Q°p¹5¸¤´xµ¢µQb
s
zMa[ez
s
a#h}
s
n
^
jRa$n
^
aﬂw
r
aQ
s
k[hz
r
jRXjx|9¡ÂInh{n
^
a
jlhph
sx
a#}§Q
rps
}Mba#}§nihhpkM|
^
jxh

amQkMhWﬂd'p£J,n
^
jlwXjxhp|Gjx}Q¾p ﬂ 'p£
Ï$]
© ﬂá
sr¼q
u+*Gﬂáyp
]^
a5XjlhiŁ|ﬂzMaGjhn
s
w
ris
§zMa
j2ba#|
^
jl}Mhpb n
^
jln;jl
s
h"n
^
a.|
r
aGjxnp
s
}
slﬂr
ab
s
nian
^[r
aGjxzMhn
s
amQa|#kMnpavh
s
bcaya}

k[}M|np
s
}MhG
]^
a
r
a¢jlni
s
}Mh
^
Łw
anIÃaa}vj5n
^Mr
aGjlzhphikM}M3j¨¢
^
nI{a#Ł
^
n¤ª
r
ab
s
npa$w
rps
|azMk
r
a"|GjxÂjx}Mzn
^
aﬂn
^Mr
aGjlzhpwjR}Mazn
s
k[}MzMa
r
n¤jl¡a"n
^
a$|GjxŁ`h
a#m§|#Łk[hpyao"j|#Ła}Qn9¦lhpa
r
ya
r!s
}Ma
]^
kMhR£Gn
^
af
q
Æbca|
^
jl}Mhib­|Gjx}(aÃ|
s
}MhizMa
r
a#zjlhj YpzMa#|
s
bcw
s
hpnp
s
}
s
wXa
r
jln
syr
Z*n
^
jxn
jx
s
hÃj|
s
bcwMkMn¤jxnp
s
};n
s
Xa5hpwMn}§n
s
hiaya
r
jl0hpkM¾ |
s
bwMk[n¤jlni
s
}MhR£Mjlh
s
w[w
s
hpazvn
s
n
^
aﬂbcahph9jlyaﬂwXjxhphiŁ}[;ba|
^
jx}Mhpb
n
^
jln
r
jln
^
a
rr
a#w
r
ahia}Qnph(jbcaGjl}
sx
|
s
bcb;kM}M |Rjlnp
s
}(anIÃaa}v|
sQs
wXa
r
jlniŁa"n
^[r
aGjxzMhG
 9    IJMU?EF@ CX F?UHT? (V?EIJ?E><>MN>WVIJR  IJ?EO M MNDLHJCR
X@
Ï
kMan
s
n
^
a;zMayj
r
anIo
slÃ
kM}M|ni
s
}XjxŁniŁa#hw
rps
QzMazQovn
^
aw
r
aQ
s
kMhpovbca}Qnp
s
}[azvb;kMnpn
^Mr
aGjxzMazva#}§Q
rps
}Mba#}§nihG£
nﬂhﬂ}
s
n"hik
r
w
r
hp}Mvn
^
jln5n
^
a
r
k[hpa;} z[Łhin
r
Ł[kMnpaz%jlwMw[Ł|Gjxnp
s
}[h$h"
ris
}Mb
syr
a;jl}[z b
syr
a
]^
hﬂhpa|ni
s
}
r
a¢jlniah
n
^
a"zMÁÀ`a
r
a#}§nﬂ
syr
¡§h*n
^
jxn
^
jRya5kMhpazn
^[r
aGjxzMh
sr
n
^
a"amQa|k[np
s
}
sl
zXjxn¤jwXj
r
jla0w
rps

r
jxbhR
]^
a"yj
r

s
k[h
sr
¡Qh¼j
r
a
h
syr
npazvQo;n
^
a"a}Ma9Xnih$n
^
aoamQwXa#|n
ris
b~n
^Mr
aRjlzMhR
PQXÉQﬂﬁ³SRR39">.Í<;¼lÍ 
 
 T93IlM83³Í:9!0Ê xÍ 
UR4G[3³Í:9!]^
a"
r
hpn
^
hpn
sr
|Gjx}Qnpa
r
ahin
sl{^
jR§}M;hiaya
r
jln
^Mr
aGjlzMh
wXa
r
w
ris
|ahph
syr
 jxh$n
ss
ya
r
¢jlw|
s
bb;kM}M|Gjxnp
s
}[h!Qo.|
s
bw[kMn¤jxnp
s
}MhRAX
^
a#} j;|
s
bwMk[n¤jlni
s
}Xjx

s
 ¨
syr
n
^[r
aGjxzXª
ŁhÃM
s
|9¡yaz
s
}j5ba#hph¤jxya
r
a|a#wMnp
s
}0£Xjl}
s
n
^
a
r

s
|Gjx

s
%|Gjl}
s5s
}/!uk[|
^cr
ahiaGj
r
|
^
ﬂdy£QM£MMdl£M
^
jlhÃamQwM
syr
az
n
^
hÃXaz/4Ä
s
{a#ya
r
£NﬂdG4
s
}MzMa
r
h$jl
s
kMnn
^
a"hpk[||ahih
sx
n
^
h$jlwMw
ris
jx|
^

 R!ÉQ ﬁ3594É§[3 R!ÉQÉMÎR
,*}
s
n
^
a
r
jxzMyjl}Qn¤jxya
sx
n
^
ab;kMnpn
^Mr
aGjlz[Ł}[ jxwMw
rps
jl|
^
Łh4n
^
jln0Łn4bjRo$ya#}Ma
r
jxnpahikMwXa
r
Ł}[aGj
r
hpwaazMkMw[hG
]^
a
r
aRjlh
s
};hpniabh
³rps
b|Gjl|
^
a*a9À`a|nphR
]^
abcab
sr
oﬂjl||a#hphpa#h
sl
n
^
aw
rps

r
jxb j
r
a$|
^
jx}Mya#z;Xa|RjlkMhia
j¢j
r
ya5z
s
bjl}
^
jxh$aa}½hiwMŁn*}vhpbjla
r
z
s
b.jx}MhGÄ*a
r
a£/aGjx|
^
n
^Mr
aGjxz jx
s
|Gjxnpah*nph$wj
r
jxŁa#/yj
r
¢jlMahR¼©
s
£
Łn*z
s
ahﬂ}
s
n*|
s
bcwMkMnia
s
} j
s
|GjxŁ0a#zvwXj
r
n
sx
j;¢j
r
ya
r
j
rir
jRoŁ¡aﬂn
^
a|¢jlhihp|Gjl4kMhia
sx
h
^
j
r
azbab
syr
o§ÃÆjl|
^
a
jl||a#Ła
r
jlni
s
}Mh(j
r
a
r
aw
sr
niaz½} ﬂáQ£/Q£/.p;Æjl|
^
aa9À`a|nph
^
jRa(}
s
nﬂXaa#}\j
r
aGjlh
s
}
sx
kMhp}Mn
^Mr
aGjxzMh"Mk[n¼|Rjl}
Xa|
s
ba"j
s§s
z
s
}May
]^
aﬂ|k
rir
a}Qn$z[ ¥|#kMn{w
s
}Qnhn
s
w
r
az[Ł|#n$n
^[s
hpa5|Gjl|
^
a"a:ÀÂa|#nphG
VÍXÎ¿ ﬁS9!W39>%]^
ab.jlw[wM}M
sx
n
^[r
aGjxzMhn
s
w
rps
|ahih
syr
h |Rjl}­jxŁh
s
a k[hpazOn
s
Łbcw
rps
an
^
a½jlwMw[Ł|Gjxnp
s
}¿
s
jlz
Xjl¢jl}[|ay!©
s
ba
r
ahiaGj
r
|
^cs
|k[hpah
s
};hpn¤jxnp|GjxŁo5X}MzM}M"j5
sQs
z;b.jxwMwM}M ﬂddl£§Q£ . ÕIn!n9jl¡ya*wM¢jl|a};n
^
a$
syr
Łz
sl
n¤jxhp¡hp|
^
az[kMŁ}[ jl}Mz
s
}[Ło2
sr
¡Qh
sr
¨¢hin¤jlni|GjloMª$w
r
azM|n9jlMacn¤jlhi¡ 
r
jxw
^
hG ﬂá'{z[o§}jlb|GjxŁocb.jxwMhﬂhpkM|
^
n
^Mr
aGjlzMhn
s
Xjx¢jl}M|an
^
a;
s
jlzvn
^
jc
syr
¡2hpnpaRjl}Mnia|
^
}M

kMayG)ÃkMnG£0n
s
}Mo
sr
¡Qh
sr
j;wXj
r
np|k[ j
r
¡§}Mz
sl
ñ0ñ+é
^_`ab
.  NM°#¯º±¯¢´

¹G°i¹´((·

	"´ Rº±
Ä
q!Å
}Mahinpaz½
sQs
wMhR I} ﬂá.p£{a
^
jRa"hpnikMzMaz½n
^
a

aGjlhiŁ[ŁnIo
sl{s
k
r
jlwMw
rps
jx|
^

]^
a;wjlwa
r*s
|kMhpa#h
s
}Ä
q!Å
jl}Mzh
^[s
hn
^
jxn
sQs
z.wa
rÕsyr
b.jl}[|aﬂhpaabchn
s
Xa5w
s
hphpMaﬂn
^
n
^[r
aGjxz.bc
r
jxnp
s
}0
]^
aw
r
aQ
s
kMh$a}Ma:Xn"|Gjx}
s
}Moa(bcann
^
h
s
baﬂhiwXa|# |;b;kMnpn
^Mr
aGjlz[aza}Q§
ris
}Mbca}QnphG I} wXj
r
niŁ|#kM¢j
r
£

kM}M|:¾
ni
s
}XjxŁniŁa#h{hikM|
^
jxh$n
^[r
aGjxz bcŁ
r
jxnp
s
}j
r
ahpaz
s
b jRyjxŁ¢jxMa$n
s
yan
^
a
r
n
^v^
Ł
^
wXa
rÕsyr
b.jx}M|a"n
^Mr
aGjxz
s
wXa
r
jlni
s
}Mh*Ł}
|# jxhphiŁ|Rjl/a#}§Q
rps
}Mba#}§nihG
]^
a"}[amQn$hpa#|np
s
}2w
r
ahia}Qnph
q
u/*y£jl}a}QQ
rps
}[ba}Qnw
ris
§zM}Mn
^
ahpa

aGjxnpk
r
ahﬂn
^
jxn$Ãa
^
jRya
k[hpaz}
s
k
r
bw[Ła#ba}Qn¤jxnp
s
}MhR
  



'949!; !$"ﬀ*ﬀ "=9 !;-ﬂ"
q
u/*¨
q
j
r
jla!ukMnpÁ¾In
^Mr
aGjlz[az\uvjl|
^
}MaRª ﬂá{hjczMhin
r
Mk[npaz½b;kMniŁn
^Mr
aRjlzMaz2a}Q§
ris
}Mbca}Qn¼
^
Ł|
^
 jxh
syr
Ł}jlo
z[ahpy}[az½n
s
hpk[wMw
sr
nb.jxhphpao.wj
r
jxŁa#
rir
akM¢j
r
jxwMwM|Gjlni
s
}MhG
]^
a#hpa.jxwMwM|Gjlni
s
}Mh*b.jRoXa;z[a|
s
bcw
s
hpaz½k[}Mw
r
a:¾
z[Ł|#n¤jl[Ła#Ło}½j
^

^
}QkMb;a
r$sx
|
s
}[|k
rpr
a}Qn(n9jlhi¡§h;¨ aGjl|
^½sl
n
^
ab
^
jRQ}MjczMÁÀ`a
r
a}Qn"a#m§a#|kMnp
s
}½npbaGª#,$hﬂa
z[ahp|
r
Xaz¿} n
^
a
s

s
}M;hia|ni
s
}/£4n
^
a;w
rps

r
jxbbcŁ}[(b
s
z[a4w
rps
w
s
hpaz¿§o
q
u
*
n
s
jx|Łn9jlnpa5n
^
aczMahp}
sl
hpkM|
^
jxwMwM|Gjlni
s
}Mh
s
}zMhpn
r
MkMnpa#z;b.jl|
^
}Ma#hh4|a}Qnia
r
azj
ris
kM}Mz;n
^
azMaGj
sl
YG®R¯¢°±³²Q´lµ¯ R¯

Z$n
^
akM}MzMa
r
o§}M"j
r
|
^
npa|#npk
r
a$Qo
k[hp}Mﬂn
^Mr
aGjlz[hG
]^
Łhw
s
Ł}Qn4b.jx¡yah
q
u+*wXj
r
np|k[ j
r
o"ÃaMhpk[Łniaz
³syr
n
^
ahpkMw[w
sr
n
sl
zXjln9jR¾IwXj
r
jlaMw
ris

r
jlbch/n
^[rps
k[
^
n
^
aﬂ|
s
}[|awMn
sl
®G¯ °±²Q´xµQ¶Â°p·R¸9¹º9º¹#º:
:9<; 7C<ITHTL?E><C	CXAZH M LXFMNIJ> SC<XA-?EIJD C HJMUD HTLIJM
]^
a
q
u/*ﬂw
ris

r
jlbcb}Mﬂb
s
zMa}Qnpa}Mz[h$n
s
w
rps
QzMa"jl}aGjlhiojRo
sx
a9¥|a}QniŁocb.jx}XjlŁ}[(j"¢j
r
yaﬂhian
sx
|
s
}M|k
rpr
a#}§n
jx|npQnpah
s
}vj5zMhpn
r
MkMnpa#z j
r
|
^
npa#|npk
r
ay
Ï
kMaﬂn
s
jl`n
^
aﬂw
ris
wa
r
niah$n
^
a
r
b
s
zMaam
^
Mnph"¨ hpaa5hpa|ni
s
} "XdGª#£`±[°p¹9´	xº
Ãa
r
a"}Xjlnik
r
jxŁo;|
^Ms
hpa}n
s
hpkMwMw
syr
n$n
^
a"amQa|k[np
s
}
sl
n
^
ahpajl|niŁQnpahRI}n
^
h
r
a#hpwa|nG£ n
^
aocwM¢jRo;n
^
a
rps
a
sl
Q
r
npkXjx
w
rps
|ahih
syr
hﬂn
^
jxnb.jRoXa
r
a

k[ahpniaz z[o§}jlb|GjxŁoQ
Æ
s
}MhpzMa
r
}M½n
^
a

jx|nn
^
jln
q
u/*}Qnpa}Mz[h;n
s
a jya}[a
r
|va}QQ
rps
}Mba}Qnn
^
jxn;b.jRoXa2kMhpaz Ł}¿ya
r
o%zMÁÀÂa
r
a}Qn
jxwMwM|Gjlni
s
}XazMhR£Mnz
s
ah*}
s
n|
s
}Qn¤jl}jl}Qo;XmQaz2
s
jlzcXjl¢jl}[|}M(w
s
|o;n
^
jln
s
kMzcn
r
on
s
¨jlk[n
s
bjlniŁ|Rjloª0a}[hpk
r
a
jx}va9¥|a}QnﬂamQa|k[np
s
}
r
aQj
r
zMahph
sx
n
^
a;jlwMw[Ł|Gjxnp
s
} hhiwXa#|ÁX|npahR I}

jl|nR£Łn*w
rps
QzMah"jx}v}§nia
rI
jl|a;jl
s
}M(n
^
a
a#m§w[Ł|n!bjl}Xjxyabca}Qn
sx
§
r
npkXjxXw
ris
|ahph
syr
h¼jl|
rps
hih{n
^
a"j
r
|
^
Łnia|nik
r
a"jl}[zn!h!kMwcn
s
n
^
aﬂjlwMwM|Gjxnp
s
}w
rps

r
jlbbca
r
n
s
bcwMab;a}Qn!n
^
a¼ahin$hpk[ŁniazLYiy
s
XjxXhi|
^
azMkMa
r
Z
s
}.n
s
w
sl
n
^
h}Qnpa
rÕ
jl|#ay
0¥|#Ła#}§nio.bjl}Xjxy}M;j
^

^
}QkMb;a
r$sx{r
k[}M}M}Mvjl|ni§niŁa#h
s
}½j;z[Łhin
r
Ł[kMnpaz½j
r
|
^
npa|nik
r
a

aGjxnpk
r
ah"b.jx}Qow
ris
¾
[Ła#bhGI}wj
r
ni|kM¢j
r
£
s
}Ma
^
jxhn
s
w
ris
§zMa*ba|
^
jx}Mhpbch{jl
s
}Mﬂn
^
ahia(jl|#npQŁniahn
s
|
s
bcb;kM}M|Gjxnpan
^
aGjl|
^s
n
^
a
r

, |
s
bcb;kM}M|Gjlni
s
}¼b
s
zMaMXjxhpaz
s
} (¹#º9º´

¹Ã¶´xº9º:¯

anIÃaa}n
^Mr
aGjlz[h{jlh!}
s
n!|
s
}MhpzMa
r
az
syr
hiaya
r
jl
r
aGjlh
s
}MhR
]^
a
bjl}
s
}Ma"z[a
r
ya#h
rps
b+n
^
aﬂ}Ma|ahihpnIovn
s
hian$kMwvj
s
Xjl}Xjxb}M"w
s
|oQ£yh
s
n
^
jxnn
^Mr
aGjlzMh*|Gjl}a
r
aRjl|
^
az
³rps
b jl}Qo
}
s
z[ayI}.j5|
s
}QniamQn
^
a
r
aﬂn
^Ms
kMh9jl}Mz[h
sl
n
^[r
aGjxzMhb.jRo|
s
amQhpnG£Qn
^
h{bjRo(|
s
bw[Ł|GjxnpaÃn
^
a
t9s

sx
n
^
aﬂw
ris

r
jlbcba
r
Qo
³syr
|#Ł}[
^
b.¦
^
a
r
n
s
b.jx}Xjlaﬂb.jl}Qo;n
^Mr
aGjxzMh"}Xjxbah$jxn$n
^
a3jxwMwM|Gjlni
s
}ayaI I} jxzMzMnp
s
}/£Mn
^
h¼h
s
kMni
s
}b.jRo|
s
b;¾
w[Ł|Gjxnpaﬂn
^
a(bw[Ła#ba}Qn¤jxnp
s
}
sl

s
jlzXjx jx}M|}M;bca|
^
jl}MhibhÃhpkM|
^
jxh(±M°p¹9´	 ¯

°p´±¯¢·

Xa|RjlkMhia;n
^
a"
s
Xjx/}Xjxb}M

s
k[Łzc}Maaz2n
s
Xa"hin
ris
}MŁo;b
s
zMÁXaz ¨³jl}Mz
s
kMzcXa|
s
ba

j
r
ahih$a9¥|#Ła#}§n9ª
Å[syr
n
^
ahia
r
aGjxh
s
}MhG£ﬂn
^
a
q
u/*w
rps

r
jlbbc }Mb
s
zMa#$w
ris
§zMa#h.h
s
bca 	y¹9¸9· ¶·xº¯¢±¯ ·

·9¶M¹G°i´y±³·y°9º;n
^
jlnvjl
s
+n
^
a
hiwMnp}M
sl
|
s
bcwMkMn9jlnp
s
}Mh{}Qn
s
hiaya
r
jl4wXj
r
nih¼jl}[z.bjl¡ah jx`|
s
bcb;kM}M|Gjlni
s
}Mh!anIÃaa}vn
^Mr
aRjlzMhﬂbwM|nG
]^
hjRo§£
r
a¢jlni
s
}Mh
^
Łw[hanI{a#a}­n
^Mr
aRjlzMh
r
a#b.jl}%hpbcwMa.jl}[zﬁ¡Q}
s
}%§o%n
^
a hioQhpnpa#b £h
s
n
^
jln
s
wXa
r
jlni
s
}MhchpkM|
^
jlhn
^Mr
aRjlz
bc
r
jxnp
s
}2|Gjl}¿XacŁbcwMaba#}§niazva
r
o½a9¥|#Ła#}§nio§
q
u/*cw
rps
QzMahnI
s
zMa|
s
bw
s
hiŁni
s
}
s
wa
r
jxn
syr
hcn
^
a
!¯

M± !¹R¯

M±
 ¹·y±³¹

°p·R¸¤¹	²§°i¹ !´lµ µÂ¨ /f
q
Æªjl}MzLM°i¹9´	J 4µŁ·

¯



V35>0=/Ì"É37>0=` ;É 
½ÍGÉ
	ﬂlÍ/lÉMÎ4lÉ ﬂﬁ ﬁ
, 0f
q
Æ |
s
}Mhphpnih
slﬂsyr
¡QŁ}[ j
r
ab
s
npan
^Mr
aGjxzﬁn
s
a#m§a#|kMnpa\jhiwXa#|ÁXazOhpa
r
§|a In|Gjx}ﬁavan
^
a
r
hpoQ}M|
^Mris
}
s
kMhG£
jxhpoQ}M|
^Mris
}
s
kMh
syr
hio§}[|
^[rps
}
s
kMh;n
^
zMa

a
rpr
azﬁjlnp}M`
^
nIÃa
^
n
r
ab
s
npacw
rps
|az[k
r
a|Gjlh}Maazﬁn
^
a
s

s
}M
wj
r
jxbania
r
h8 j (·#	y¹ ¨¢hpoQ}M|
^Mris
}
s
kMh
sr
jxhpoQ}M|
^Mris
}
s
kMh¤ª#£"j%º¹G°#®G¯¢¸9¹½}QkMb;a
r
¨¢zMa}Qnp

oQ}M½n
^
a½hpa
r
QŁ|#a
r
a

kMahinpazª£
j µŁ·R¸9´y±³¯¢·

¨ zMa}Qnp

oQ}Mvn
^
an¤j
r
yan;}
s
z[aGª£j2¶Â°#¯¢·y°¯ ± ¿¨
sl
n
^
a
r
ab
s
npa
³syr
¡az%n
^Mr
aGjlzª£jvw
s
}Qnpa
r
n
s
n
^
a 0f
q
Æ  h
´°

²B(¹

± ºjx}Mzvj"w
s
}Qnpa
r
n
s
n
^
a /f
q
Æ  hﬂ°p¹#º²µŁ± º(¨¢amQ|a#wMnﬂŁ}jlhio§}[|
^[rps
}
s
kMh*b
s
zMaGª#
,~hioQ}M|
^Mrps
}
s
kMh /f
q
Æ¬
syr
¡Qh"Ł¡a3jc|¢jxhphp|Gjx{w
rps
|azMk
r
a|RjlI£/amQ|a#wMn(n
^
jln5n
^
a;|
s
zMach¼a#m§a#|kMnpa#z Qo j
r
ab
s
npa
n
^Mr
aRjlz%¨¢} jx}
s
n
^
a
r
w
ris
|#ahph9ª
]^
h$ba#|
^
jl}Mhpb@hﬂ
syr
n
^
a}MkMhiaz½Qo jcbjl|
^
}Ma"
^
|
^
Łh
s
ya
r

s
jlz[az
sr

^
a}
|
s
z[a$}Maa#zMhn
s
a
r
kM}
s
}.jﬂwj
r
ni|kM¢j
r
j
r
|
^
npa#|npk
r
ayÃÄ
s
Ãaya
r
£Qj"n
^Mr
aGjxzamQa|#kMnp}M;jﬂhpoQ}M|
^Mris
}
s
kMh/f
q
Æ¿h!M
s
|¤¡az
k[}§ni!n"yanih(n
^
a
r
ahpk[ŁnXjx|¤¡`©
s
jhio§}[|
^[rps
}
s
kMh /f
q
Æz
s
ah(}
s
nya}Ma
r
jlnia.jx}§o½jlz[zMnp
s
}Xjx!wXj
r
jlahpb£Xhi}M|an
hibwMonpabcw
sr
j
r
o;b
s
ah{jl}amQa|#kMnp
s
}

s
ﬁn
s
jx}
s
n
^
a
r

s
|Gjlni
s
}/
,*}3jxhpoQ}M|
^Mrps
}
s
k[h 0f
q
Æ }Mnp¢jlniah
r
ab
s
npa!}MzMa#wXa}[zMa}Qn!amQa|k[np
s
};a9¥|#Ła#}§nio§£Ra|Gjlk[hpa$n
s
}Moﬂhpa}[zMh
s
}[a{bcahph9jlya
n
^
}
s\r
a#npk
r
}
sx
bcwMŁ|#Łn
r
a#hpkMnphR I} n
^
h
r
ahpwa|nR£ﬂn ha
r
o%hpbcŁ¢j
r
n
s
n
^
aU¹#(·±¹X¹R°®R¯¢¸9¹E ¹R²Q¹º±¨f*©Mf$ª
ï¢ð/ñ0ï¢ò
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·


Node A Node B
Network
caller
server
Å
Łk
r
a"<F[¹ 
¯

[± ¹G¯

M±Â¶Â°p·R¸9¹	y²Q°p¹¸9´lµ¢µN¹9¸ [´

¯º 
bca|
^
jl}[Łhib+jRyjl¢jl[Łan
^
n
^
a

amQkMh
r
kM}Qnpbca¼hioQhpnpa#b ﬂŁd#'p «

|
s
k
r
hpay£

}MaazMa#z/£`n
s
kMzvjl jRoQha"w
s
hphiMa"n
s
r
anpk
r
}
r
ahikMnph¢jlnia
r
§o;z
s
}M(jx}
s
n
^
a
r
jlhioQ}M|
^Mrps
}
s
kMh /f
q
Æﬂ£MkMnn h!}
s
n{n
^
a
r

^
n!jRo;n
s

s
hp}M|a"j5n
^

r
zcyj
r
 jx}Qn
sx
0f
q
Æ%hw
ris
QŁz[az 4n
^
aEYizMa

a
rpr
a#z jlnp}M	Z /f
q
Æﬂ
]^
h¢jlhin{bca|
^
jl}Mhib+jl
s
h
s
}[a¼n
s
zMa|
s
bw
s
hiaj /f
q
Æ Ł}
nI
s
hpnpa#wMh
]^
a /f
q
ÆjxŁ!¨³jlhio§}[|
^[rps
}
s
kMh*|
r
aGjxnp
s
}
sxr
a#b
s
niaﬂn
^Mr
aGjlzXªjx}Mzn
^
a /f
q
X\jlnﬂ¨¢jlnp}M
³syrr
a#hpkMnph9ª

)=4lÉQXÎ  ﬁÍ0939>
[°p¹9´	¸#µŁ·

¯

ŁhﬂjczMa|
s
bw
s
hpni
s
}
s
wa
r
jln
sr
jl
s
Ł}[UYp|
s
}[ah Zn
s
a(a}Ma
r
jlniaz
ris
b?jx}
sr
y}Xjx/n
^[r
aGjxz/W,

nia
r
n
^
a$a#m§a#|kMnp
s
}
sl

^
jlnÃ{a*|GjlXjº³¶XµŁ¯ ±±³¯

Ł}[hpn
r
kM|ni
s
}/£QjlXn
^
a
r
ahpk[Łni}M(|#
s
}Maz;n
^Mr
aGjxzMh
^
jRa$jl}zMa#}§ni|GjlamQa|kMni
s
}
|
s
}QnpamQn"¨   ay4}Mhin
r
kM|np
s
}.w
s
}Qnpa
r
jl}Mzhpn9jl|9¡Mª}
^
a
r
npaz
ris
b~n
^
a
sr
y}XjxXn
^Mr
aGjxz/4Ä
s
Ãaa
r
£j°p´



²BW9¹G°Ã|Gjx}.a
k[hpazQoaGjx|
^
|
s
}Maﬂn
s
zMhinp}Myk[Łh
^
Łn
ris
b~n
^
a
s
n
^
a
r
h¼jl}[zwa
rIsr
b zMÁÀÂa
r
a}Qn$|
s
bw[kMn¤jxnp
s
}MhR
]^
a5hpwMnpniŁ}[;Ł}[hpn
r
kM|ni
s
}v|Gjx}vXa5|
s
bcwXj
r
azvn
s
n
^
a
	
³syr
¡bca|
^
jl}Mhib £amQ|awMnﬂn
^
jln$n$jxwMwMah$n
s
n
^Mr
aGjlzMh
r
jln
^
a
r
n
^
jx}\n
s
hpoQhinpab w
rps
|ahihpahvjl}[z\n
^
jln"nb.jl}jlya#h¼n
^Mr
aRjlz%|
r
aRjlnp
s
}Mh(}%jb
sr
a;|
s
}§n
rps
Łaz%jl}Mz½hia|k
r
avjRo§
I}2wXj
r
np|kM¢j
r
£`j;hpa#|
s
}Mz}Mhpn
r
kM|#np
s
}n
^
a ¹G°

¯

}Mhin
r
k[|np
s
}.b;k[hpna(|GjxŁa#zvQo.aRjl|
^
|
s
}[a3jxn$n
^
a(a}[z
sl
n
^
a
|#
s
}M}M
s
wXa
r
jlni
s
}/X
^
a}\jl4|
s
}[ah
^
jRa;|Gjlazn
^
a;bca
r
Ł}[}Mhpn
r
kM|#np
s
}/£
s
}[Ło
s
}Ma;n
^Mr
aGjxz½h¼¡awMn(jxŁa(Qovn
^
a
hioQhpnpa#b+n
s
|
s
}Qnp}QkMaﬂnphamQa|#kMnp
s
}¿¨Xk
r
a"§ª#
P P1 P PP0 2 3 4
Merging
Merging
Merging
Splitting
Merging
Merging
Å
yk
r
aW": [¹¸#µŁ·

¯

·:¶¹R°p´±¯ ·

 "¹R°p¹

±[¹·9¶M¹R°p´y±³¯¢·

!´lº(¯

¯¢±³¯¢´y±³¹	/c±[°p¹9´	 ?  ±³¹G°"¹9´¸ ½±M°i¹9´	][´lº;¸¤´xµ¢µŁ¹	
±M¹*ba
r
y}M¯

º±³°²Q¸G±³¯¢·

·

µ;·

¹;±M°i¹¤´	 ?¯

±M¯ºﬂ¸¤´xº¹¸9·

±³¯

²Q¹#º(¯¢± º¼¹y¹9¸R²Q±¯¢·


:9 8  IJMU?EF C  I ?NHJCR
X
q
u/*;w
ris
QŁz[ah3j2n
^[r
aGjxz\b
r
jlni
s
}vbca|
^
jl}Mhib 
^
Ł|
^
jxŁ
s
h
s
}Man
s
b
s
a(n
^Mr
aRjlzMh;anIÃaa}%}
s
zMah;zMk
r
}Mvn
^
a
r
a#m§a#|kMnp
s
}/
]^
hba|
^
jx}Mhpb £n
r
yya
r
azvQovj|GjxŁ`n
s
n
^
aﬁﬀﬂ ﬀﬃ! #"%$'&%(

k[}M|np
s
}/£Mhz
s
}Ma"}n
^Mr
aa"hpniawMhR
Å

r
hpnR£Xn
^
a
n
^Mr
aRjlzh
ris
0a#}/£Xjx}Mz
s
n
^
nihzMahp|
r
wMn
sr
jx}Mzn
^
aﬂkMhpa

kM/wXj
r
n
sx
nphÃhpn9jl|9¡.j
r
aﬂwXjl|9¡azŁ}j"[kQÀÂa
r*)
n
^
a#}/£Qn
^
aﬂMkÀÂa
r
hhia}Qn¼n
s
n
^
a(z[ahpniŁ}jlnp
s
}.b
s
zMkMa
)
jx}Mzv¢jlhinG£[n
^
an
^Mr
aGjlz h*zMahi|
r
wMn
syr
jx}Mzhpn¤jx|9¡ j
r
a"kM}MwXjx|9¡yaz
s
}vn
^
a(zMa#hpnp}Xjxnp
s
}
b
s
zMkMay£n
^
aﬂhpn9jl|9¡h
r
a
s
|Rjlnpa#zv}.j}Ma jlz[z
r
ahihﬂhpwXjx|ay£Xjx}Mzn
^
aﬂn
^Mr
aGjxzvhkM}
ris
0a#} ¨
Å
Łk
r
a"ª
*s
npa;n
^
jln
s
}Movn
^
a;n
^Mr
aGjlz½|
s
}QnpamQnh¼b
s
yaz¿¨¢hpn9jl|9¡`£4
s
|Rjl!zXjxn¤j[£`anp|Rª(jx}Mz n
^
jlnR£j

npa
r
b
r
jlni
s
}/£n
^
a;n
^Mr
aRjlz
^
jlh¼jx||ahih"n
s
j;}Ma#¬y
s
Xjl0a}Q§
ris
}Mbca}Qn"¨¢y
s
Xjl0yj
r
¢jxMahG£[anp|Gª#(u
sr
a
s
a
r
£ zMkMan
s
n
^
a|k
rpr
a}Qn"bwMab;a#}§n9jlni
s
}/£
n
^Mr
aRjlzb
r
jlni
s
}(h
s
}Mo;w
s
hphpMaﬂanI{a#a} zMa#}§ni|Gjl`w
ris
|ahphiah;¨¢h9jlbaﬂ|
s
zMa
s
}.h9jlbca¼j
r
|
^
npa|nik
r
aRª
,*} jxwMwM|Gjlni
s
}vb.jRoc}
s
nﬂjl}Qnﬂn
s
an"jl4nphﬂn
^Mr
aGjlz[h(a Yib
r
jln9jlMaZjxn¼a#ya
r
o niŁbcay
Å[syr
amMjlbcwMay£`jn
^Mr
aRjlz
hihpkM}M¿h
s
bca|
s
bcwMam
s
wXa
r
jlni
s
}Mh
s
}­j½
s
Xjx$zXjxn¤jhpn
r
kM|#npk
r
a\h
^[s
kMzﬁ}
s
na b
s
yaz¿zMk
r
Ł}[\n
^
Łhcnpba¬©QkM|
^
ñ0ñ+é
^_`ab
dR  NM°#¯º±¯¢´

¹G°i¹´((·

	"´ Rº±
III
I
II
I
III
: Thread freezing
: Thread transfer
: Stack translation + thread unfreezing
Thread descriptor
Unused stack
Used stack
II
Host 1 Host n
Å
yk
r
a<F[¹
  
*\(¯

°i´y±³¯¢·

¹¤¸M´

¯º 
jw
rps
wa
r
nIo
^
jlh;n
s
Xa2¡§}
s
}\Qo%n
^
a
r
k[}§nibay£ÃahiwXa|# jxŁo¿
^
a}ﬁk[hp}M\jlw[wMŁ|Rjlnp
s
}Q¾ }Mz[awXa#}MzMa}Qn;
s
jxz jl¢jl}M|#Ł}[

r
j
r
ahR
]^
a
r
a
³syr
a£
q
u/*"jlnin¤jx|
^
ah$n
s
aGjx|
^
n
^Mr
aGjlzvj Yib
r
jln¤jxMaZﬂhpn9jlnpa5n
^
jxn|Gjl}a¼hian(¨
syr
kM}[hpan9ª
s
}zMa#b.jl}[z/
:9   ﬂOPV>MNOPMX HJ?NHJCR
X
,*h!n
^
b.jx}§o
s
n
^
a
r
a}Q§
ris
}Mbca}QnphG£
q
u/*Ãh{j*n
r
jlzMa
s
ÀvXanIÃaa}

kM}M|#np
s
}XjxŁniahG£Rw
syr
n9jlMnIo"jl}Mz;a9¥|#Ła#}M|oQE){a|RjlkMhia
q
u/*  jxhzMahp}Mazvn
s
amQwXa
r
ba}QnÃŁn
^
yj
r

s
kMh{
s
jlzjl¢jl}M|#Ł}[(hin
r
jxnpaahG£[w
r

syr
nIo; jxhyya}n
s"
k[}M|np
s
}XjlnpahR
X
^
Ła 0f
q
Æ jx}Mz |#
s
}M}Mw
r
bnpah¼j
r
a;n
^
a;XjlhiŁh
sr
|
s
bcwMkMn¤jxnp
s
}2zMhpn
r
MkMnp
s
}/£

amQMnIo
sl
|
s
bwMkMn9jlni
s
}
n
^ q
u/*b.jx}Mo zMa#wXa}[zMh
s
}ﬁ
^
nIÃa
^
n(w
rps
|ahih

kM}M|ni
s
}XjlnpahR 4mQhpni}M½n
^Mr
aGjlz[h.wjl|9¡yjlah.j
r
av}QkMbca
rps
kMhG
©
s
baﬂw
ris
QŁz[a"
s
nph
sl4
kM}[|np
s
}jlnIoMkMnﬂ¢jl|9¡ca9¥|a}M|o
syr
w
sr
n9jlMnIo
^
a
r
aGjlh
s
n
^
a
r
h
s
À`a
rﬂs
}Mob}Mbjl[n
^Mr
aGjlzMh
hikMwMw
syr
n(Mk[n(j
r
a;ya
r
o½a9¥|a}QnGv©
s
ba
s
wa
r
jxnp}MvhioQhpnpa#bh"hikMwMw
syr
n
^
nI{a#Ł
^
n¼w
rps
|ahihpahv¨³©
s
¢j
r
h]ﬂáyªﬂMkMn5aGjl|
^
bcwMab;a}Qn¤jxnp
s
}z
s
ah}
s
nw
rps
QzMan
^
a2h¤jlbca

k[}M|np
s
}XjlnIo§£0h
s
n
^
jln;n;hzMÁ¥|kMn(n
s
MkMz jw
syr
n¤jl[ŁawM¢jxn
sr
b
k[w
s
}vn
^
a#hpahpoQhpniabh*Łn
^Ms
k[n$
s
hiŁ}[;Ł}Qnia
r
ahinp}Mc|
^
j
r
jx|npa
r
hpniŁ|#hG"u
sr
a
s
a
r
£`h
s
bca¼hiwXa#|ÁX|

aGjlnik
r
ahﬂ¡yaﬂhp|
^
a#zMkM}M
jx
syr
n
^
bch
sr
n
^Mr
aGjlz2b
r
jlnp
s
}(bca|
^
jl}Mhibh!bjRo(}
s
nXaﬂw
s
hihpMa
s
}n
s
w
sx
¹G°

¹µ0µŁ¹R®G¹#µQn
^Mr
aGjlz
r
j
r
ahG
I}
syr
z[a
r
n
s
amMjx|npo\bjlni|
^½s
k
r
}Maa#zMhG£ÃÃa
^
jRyabcwMaba}Qniaz
s
k
r;s
}\w
r
aabcwMnpan
^[r
aGjxzMhwXjx|9¡yjlya£!|GjxŁaz

	
 Inw
rps
QzMahﬂj¢j
r
aﬂhpkMMhian
sl
n
^
a"hpn9jl}MzXj
r
z
q
«¼© ¬}Qnpa
rÕ
jl|a5w
r
bniŁahÃŁn
^
jlzMzMni
s
}Xjl

aGjlnik
r
ahR£hpkM|
^
jxh{hin¤jx|¤¡camQnpa}[hpMŁnIo
sr
n
^Mr
aRjlzb
r
jlni
s
}(hikMwMw
syr
nG
Å[syr
|
s
bb;kM}M|Gjxnp
s
}MhR£ln
^
a
q
»ﬂu bahih¤jla$wXjxhphiŁ}[(
r
j
r
o;jlh
|
^Ms
hpa}0{©Q}M|aﬂnh
s
}Mo;kMhpa#z
syr
bcwMab;a}Qn¤jxnp
s
}wMk
r
w
s
hpahR£XnihŁ}Qnia
rI
jx|aﬂh}
s
nzM
r
a|npockMh¤jxMay
 ﬁ
ﬂ"4R& =9 4!'"  !c	$)4)4$) ") !; !$"ﬀ) >@9!  

IbcwMaba#}§ni}M3jQ
r
npkXjx4w
rps
|ahih3jxh"j;n
^[r
aGjxz½Łhﬂhin
r
jx
^
n
sr
j
r
zvamQ|awMn
syr
a9¥|a}Qnﬂ|
s
bb;kM}M|Gjxnp
s
}[h jx}Mz n
^Mr
aRjlz
bc
r
jxnp
s
}hihpkMahR
]^
Łh0hpa|#np
s
}"a#mjxb}Mah
^[s
 |
s
bb;kM}[Ł|Rjlnp
s
}MhQXanIÃaa}n
^[r
aGjxzMh4|Gjl}"a
s
wMnpb0a#z¼jl}[z"n
^
a|
s
bcwMŁa
r
jx}Mzn
^Mr
aRjlzva}QQ
rps
}Mba}QnÃhpkMw[w
sr
n}Maa#zMazn
s
jl|
^
aaﬂn
^Mr
aGjlzb
r
jlni
s
}Ł}zXjxn¤j5wXj
r
jla`w
ris

r
jlbchG
 9<; =3R
OQO-LXC<D?UHJC<R
X@3K MH([3MUMNXQH IJMN?EF@
]^
a(hiŁb;k[ jxnp
s
}
sl
bcahph9jla"wXjlhihp}Mn
^
jxhpoQ}M|
^Mris
}
s
kMh /f
q
ÆOh$b
syr
aja}Ma:Xn"n
^
jl} jcz
r
jRXjl|9¡` I}MzMaa#z/£/n
^
a
r
ab
s
npa*hpa
r
§|aﬂ|Gjx}|
^
a|9¡

n
^
aﬂzMa#hpnp}Xjxnp
s
}cn
^Mr
aGjlzhw
r
ahpa}Qn$jx}Mz
syr
 j
r
z;n
^
a¼bcahph9jla$

n
^
aﬂn
^Mr
aGjlzh{}
s

s
}[ya
r
n
^
a
r
ay!©
s
£xn
^Mr
aGjlzMh|Gjl}b
r
jlnia!n
^Ms
kMn/
syrir
oQ}M"jl
s
kMn4ba#hph¤jxyah4a|GjxkMhpa
sl
j
sr
j
r
z[Ł}[$ba#|
^
jl}MhpbXu
sr
a
s
a
r
£
n
^
a
r
ab
s
nia¼hia
r
Q|a"|Rjl}zM
r
a|#npoabcwMnIo;n
^
a"}ManI
syr
¡}Qn
s
n
^
a
r

^
n
s
|Gjxnp
s
}/


h
s
k
r
|a"jl}MzczMahpni}Xjlni
s
}n
^Mr
aGjxzMhj
r
aﬂ}
s
n!}n
^
a$h9jlbabcab
sr
o"jlz[z
r
ahihhpwXjx|ay£[bahih¤jlah
^
jRyan
s
a$a}Ma
r
jlnpa#z
n
s
|
s
bb;kM}MÁ|GjlniayG)ÃkMnG£0
^
jxn"z
s
Ãa;z
s


n
^
ao\j
r
a
s
}½n
^
a;h9jlba;}
s
z[a	 «*}Mach
s
Łk[np
s
}h"n
s
hinp!kMhiaba#hph¤jxyahR
,*}
s
n
^
a
r
h
s
kMnp
s
}hn
s
jxŁ
s
%n
^[r
aGjxzMh$n
s
zM
r
a|nio.jl|#|ahphﬂn
^
aﬂbab
syr
o
sl4s
n
^
a
r

s
|Gjl`n
^Mr
aGjxzMhG
]^
aÃba#hph¤jxya!wjlhphi}M"jlwMw
ris
jx|
^5^
jlh4n
^
a{a}Ma9n
sl
a}MﬂaGjxhpa
r
n
s
ŁbcwMaba#}§nRI}Mz[aaz/£
^
a
r
aya
r
n
^
azMa#hpnp}Xjxnp
s
}
n
^Mr
aRjlzhR£Mjﬂn
^Mr
aGjlzvjxŁjRoQh!ya#}Ma
r
jxnpah$j5ba#hph¤jxyay
]^
aﬂ|GjxŁn
s
n
^
a
r
aRjl`|
s
bb;kM}M|Gjxnp
s
}5 jRoa
r
|Gjx}a"jR
s
zMa#z;MkMnÃŁ}
jxX|Gjxhpahﬂbcab
sr
o"|
s
wMah$jl}[z.[kQÀÂa
r
b.jx}Xjlaba#}§n4|
r
aGjlnia
s
a
rp^
aGjlzMhR
Ï

r
a|#n{bcab
sr
o"jl||#ahph*b
s
ya#hn
^
a$|
s
bw[Ła#m§nIo
³rps
b n
^
a
r
kM}Qnpban
s
n
^
a*|
s
bcwMa
r

]^
a$|
s
bw[Ła
r4^
jxh{n
s
b.jx}Xjla
n
^
aﬂzMawa}MzMa#}M|ahﬂ}.jX}Ma
r
jRo§
]^
a*|
s
bcb;kM}M|Gjlni
s
}Mh4n
^
jlnÃab;Xa#zzXjxn¤j5amQ|
^
jl}Majx}MzbcwMŁ|#Łn4hio§}[|
^[rps
}[0Rjlnp
s
}Mh
ï¢ð/ñ0ï¢ò
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·

dd
j
r
a
r
awM¢jx|az
s
}Mo½Qo½hpoQ}M|
^Mris
}M0Gjxnp
s
}[h
r
ahpkMniŁ}[ } j2zMa|
r
aGjxhpav}
r
kM}Qnpba
s
a
rp^
aGjlz¿hp}M|aÃa
r
ab
s
a;bab
syr
o
|
s
wMah$jx}MzMkQÀ`a
r
bjl}Xjxyabca}QnG
 9 8  WR
?EF K?E><?EXDC<XAPC@ @BLMN@
«*}Ma
s
jlÃn
^
jln{a
s
kMz\¡ya;n
s
jx|
^
ayah(n
s
jl¢jl}M|#a.n
^
a
s
jlz½n
^Mrps
kM
^
n
^Mr
aGjxz%b
r
jlnp
s
}/v©
s
£{avj
r
a
s
Ł}[
n
s
hpwa|

o%n
^
av|
^
j
r
jl|nia
r
hpni|h
sl
n
^
a2|
s
bcwMŁa
r
jl}Mz%n
^
avb;kMnpn
^[r
aGjxzMaz\a#}§Q
rps
}Mba#}§n;}[aazMazOn
s
jx|
^
ayavn
^Mr
aRjlz
bc
r
jxnp
s
}0
]^
a
s
jlz
sl
j$w
rps
|ahih{h!n
^
ahpkMb
sl
n
^
a
s
jlz
sl
jlQŁnih!Q
r
npkjlMw
ris
|ahphiahGÃ©
s
£
s
jxz"Xjl¢jx}M|}Mﬂ|Gjl};a$jl|
^
aaz;Qo
b
s
QŁ}[¼hikM|
^
a#}§ninpah
³rps
b
s
ya
r

s
jlzMa#z.}
s
z[ah$n
s
kM}Mz[a
r

s
jxzMazv}
s
z[ahG
]^
a
r
a(j
r
a"nI
s
b.jl}c|
^[s
|ahR AŁn
^
a
r
{a"k[hpa
jhiwQon
^[r
aGjxzv}.aRjl|
^
w
ris
|#ahph
syr
n
^
a"|
s
bwMa
r
}§nia
r
jlniah$h
s
baﬂ|GjxŁhn
s
n
^
a5
s
jlzcXjl¢jl}[|}M(b
s
zMkMa$}n
^
a5|
s
zMa
sl
|
s
bw[kMnp}M*n
^Mr
aGjlzMhR
]^
a
rps
Ła
sx
n
^
a*hpwQon
^Mr
aGjlzcŁhn
s
|
s
bcwMkMnpaÃn
^
a$
s
|Gjl
s
jlz0£ln
s
a#m§|
^
jx}Mya*}
syr
b.jxnp
s
}"n
^;s
n
^
a
r
hiwMah$jl}[zn
s
w
r
aabw[n$jl}Mzcb
r
jlnpan
^Mr
aRjlzMh*
^
a}}[aazMaz0 I}cn
^
aﬂhia|
s
}[zv|Gjlhiay£Mn
^
aﬂ|
s
bcwMkMniŁ}["n
^Mr
aGjlz[hn
^
abchpaah
n9jl¡a¼|Rj
r
a
sx
jl¢jl}M|#Ł}["n
^
a5
s
jlzcn
^Mris
kM
^
n
^
aﬂ|Gjlhn
s
n
^
aﬂ
s
jlzcXjl¢jx}M|}Mb
s
zMkMay
Xﬁn
^Ms
kMn4|
s
bwMa
r
jlhihphpn9jl}M|#ay£Qw
r
a#abwMniyan
^[r
aGjxz;b
r
jlnp
s
}"ha
r
o;|
s
bw[Ła#m¼a|GjxkMhpa
Å[syr
n
r
jx}jl}MzÆ¿|
s
bwMa
r
h
bjRo$|
r
aGjlniaﬂb.jl}Qo*w
s
Ł}Qnia
r
hÃ
^
a}
s
wMnpb0}MSXﬁn
^
n
^
a$|k
rpr
a#}§nÃ|
s
bwMa
r
hR£R{az
s
}
s
n4¡Q}
s
%n
^
aw
s
}Qnpa
r
h!a}Ma
r
jlnpa#z
Qov|
s
bw[Ła
r
h¼jx}Mz n
^
kMh"Ãa;|Gjl}}
s
n5|
syrir
a|nn
^
ab j

npa
r
jbc
r
jxnp
s
}0
]^
a
r
a
syr
ay£
s
}Movjcn
^Mr
aGjlz½|Rjl}
r
aRjlovh¤j

ao
|RjlXn
^
a$bc
r
jxnp
s
}

kM}M|ni
s
};a|Gjlk[hpa"Ãa$|Gjx}a}Ma
r
jlnpaﬂ|
s
zMa*
^
a
r
a¼hikM|
^
w
s
}Qnpa
r
hz
s
}
s
n{}[aazn
s
a$|
syrpr
a|niaz/
]^
a
w
rps
[Ła#b~hn
^
jxnn
^Mr
aGjlzMh*|Gjl}
s
}Mo;b
r
jlnpa$jxn{a#Ł`z[a9X}Maz2w
s
Ł}QnihG
,*}
s
n
^
a
r
|
^
jxŁa#}Mya"h*n
s
zMaGjx4Łn
^
n
^
a"zjln¤jcjl
s
|GjlniazŁ}n
^
a
^
aGjlwvQocn
^Mr
aGjlzMhR¼ÆÃk
rpr
a#}§nio
q
u/*"z
s
a#h$}
s
n$zMaGjx
n
^
hikM|
^
zXjln9jﬂMkMn{jx
s
h0kMhpa
r
hÃn
s
bcŁ
r
jxnpa!nGI}
q
u/*£ykMhia
r4
k[}M|np
s
}Mh!|Gjx};Xa|GjxŁa#z;Xa
³syr
ahia}MzM}M5n
^
abcŁ
r
jxnp
s
}
bcahph9jla.jl}[z j

npa
r^
jRQ}M
r
a#MkMn(n
^
an
^Mr
aGjlz/HX½ak[hpan
^
h

kM}M|#np
s
}XjxŁnIon
s
wXjx|¤¡½n
s
jx}Mz\n
s
k[}MwXjl|9¡
ris
b n
^
a
bc
r
jxnp
s
}ﬂbcahph9jlyajlMn
^
a$zjln¤jﬂjxŁ
s
|Gjxnpaz;Qo"n
^
a$n
^Mr
aGjxz;};n
^
a
^
aRjlw/In!h!jlh
s
kMhpa#z;n
s
|
srpr
a|npo;hian{h
s
bca{w
s
}Qnpa
r
h
n
s
jl
s
|Rjlnpa#z(bcab
sr
oQIn!h4}
s
n|k
rpr
a}Qnpo|aGj
r

^
an
^
a
r
n4hn
^
a|
s
bwMa
r/sr
n
^
an
^Mr
aGjlz;a}QQ
rps
}Mba}Qn0
^
|
^
h
^Ms
k[Łz
z[aGjl`n
^
hikM|
^
zjln¤j;jx}Mzw
s
}§nia
r
hR
 9   I
`
@BV%MUDC<?E><C ?NHJCR
X
]^
a

jl|#n;n
^
jxnn
^[r
aGjxzMhamQa|kMnia zXjxn¤jwXj
r
jxŁa*w
rps

r
jlbh;jl
s
Ãaz\kMhcn
s
hpwa|¢jl0a
q
u+*y ©QoQ}M|
^Mris
}M0Gjxnp
s
}Mhjl}Mz
w
r
aabcwMnp
s
}Mh{|Rjl}Xa5hpwa|¢jl0az
sr
hpkM|
^
w
ris

r
jlbch!}
syr
z[a
r
n
s
a"b
sr
aa9¥|#Ła#}§nR
`Ê.9!8=4lÍ:9356yM83¢Í09 Í0R43 
U356yM83Í<9A

s
|Rjl/n
^Mr
aRjlzhpoQ}M|
^Mris
}M0Gjxnp
s
}Mh$j
r
aﬂbwMabca}Qnpazjxh$j"nI
s
w
^
jxhpa
s
wa
r
jlnp
s
}/
 an
B
aﬂn
^
aﬂ}QkMb;a
r{sx
n
^Mr
aGjxzMh$n
s
hioQ}M|
^Mrps
}M0ay I}n
^
a*
r
hinw
^
jlhiay£
B
d*n
^Mr
aGjlzMhﬂj
r
a¼
s
}M"n
s
XaﬂM
s
|9¡yaz0£Q
^
Ła
};n
^
a$hia|
s
}[zw
^
jxhpaﬂn
^
a
B
n
^Mr
aRjlz
r
aaGjlhiahn
^
a
B
d*M
s
|9¡az;n
^Mr
aGjlz[hG
]^
a
r
a#ŁaRjlhp}M

kM}[|np
s
};|Rjl}a$hiwXa#|¢jl0az
a|GjxkMhpac{a
^
jRyahpan"n
^
aw
r

syr
ŁnIo
sx
jxŁ|
s
bcwMkMnp}Mcn
^Mr
aGjlz[h"n
s
n
^
ah¤jxba"yjxkMay
]^
kMhR£/n
^
a
r
aaGjxhp}M

kM}[|np
s
}½h
}
s

s
}MaŁhin$}Mhia
r
ni
s
}v
^
a
r
aGjlh5Xa
³syr
anﬂ jxh
B	
d5n
^Mr
aGjlz}Mhpa
r
np
s
}[hG"Ä
s
{a#ya
r
£`n
^
ahpoQ}M|
^Mris
}M0Gjxnp
s
}2hpnp
^
jlh"j
|
s
hpn}
;¨
B
ªÃXa|RjlkMhia
sl
n
^
a$
r
hpn*w
^
jxhpay
]^
a
s
wMniŁbc0Gjlni
s
}
s
}Mo
r
az[kM|ahﬂn
^
a"yjlkMa
sl
n
^
aﬂb;kMniŁw[Ł|GjxnpyaÃ|
s
}Mhpn9jl}Qn
³rps
bQ"X .`hn
s
[Łd`hwa
r
n
^[r
aGjxz
s
}vj
q
a}QnpkMb dG(u
^
0 `}QkMmbjl|
^
}May
]^
Łh
r
aw
r
ahpa}Qnih(j;y bw
ris
yabca}QnG
«*}n
^
Łhbjl|
^
}May£n
^
a
q
u/*ﬂn
^[r
aGjxzv|
s
}QniamQnhpnp|
^
n9jl¡ya#h
rps
k[
^
ovdyá`hG
	lÉ§É 
UR483Í09  R!ÉM 3³ﬁ536M83Í09 ÅMsr
zjln¤j2wXj
r
jlaÃw
rps

r
jlbhR£4n
^
a

k[ŁÃw
r
aabw[np
s
}½h}
s
n{a#ŁhikMnpaz0 Xﬁn
^
ŁnR£
n
^Mr
aRjlzMh4w
ris

r
ahphŁn
^
jln4b
s
hpn/j npbahp|a
sx
zMÁÀÂa
r
a}M|a
]^
jxn|Rjl}ŁaRjlz"n
s
j*Xjlz5kMhpa
sl
n
^
a
s
ya
r
 jxwMwM}M*ba|
^
jx}Mhpb
a|GjxkMhpajl!n
^
a;n
^Mr
aGjlz[h(|Gjx}
r
aGjl|
^
n
^
a|
s
bb;kM}M|Gjxnp
s
}|Gjlh"n
^
Ł}½jchpbjl!jlb
s
kM}Qn
sx
niŁbcayXﬁn
^ B
zMa}Qnp|Gjx
n
^Mr
aRjlzMhR£4n
^
hﬂnpbah"jln"b
s
hpn
B
npbahﬂn
^
a;npbahp|ay
]^
a
s
a
r
¢jlw[wM}MniŁbca(hﬂ}
s
n(jlh"
s
}M.jxh"n"|
s
k[Łzay
]4s
bjlmQb;0a"n
^
a
s
a
r
¢jxwMwM}Mnpba£j2n
^Mr
aGjlz¿b;kMhpn5}
s
nXacw
r
a#abwMniaz%kM}QnpÃŁn5M
s
|9¡QhG

aya
r
n
^
a#Ła#hphG£ n
^
ac}ManI
syr
¡
^
jlhn
s
a
r
ayk[ j
r
ow
s
azcn
sr
a|a#Ła"ba#hph¤jxyahR
]^
a
r
azMkM|a#zvw
r
a#abwMni
s
}bca|
^
jl}[Łhib {a
^
jRa¼bcwMaba}Qniaz
s
}Mo
w
r
aabcwMnphÃj$
syr
¡QŁ}[¼n
^Mr
aRjlzn
s
ya{n
^
aw
rps
|a#hph
sr
n
s
n
^
a|
s
bb;kM}M|Gjxnp
s
}ﬂn
^Mr
aGjxz/!«*}M|a*n
^
a|
s
bb;kM}[Ł|Rjlnp
s
}¼n
^Mr
aRjlz
[
s
|9¡Qh
s
}jbahih¤jla
r
a|awMni
s
}v|Gjx £Qn
^
a"¢jlhin{w
r
aabcwMnpa#zvn
^Mr
aGjlzanph*n
^
aﬂw
ris
|#ahph
syr
Xjl|9¡`
 9  /I MN><COPC<X?EIBS IJMU@BL> HJ@
«*k
r5^
jl}Mz¾ 
r
Łninpa}½niahpnw
ris

r
jlb Łh5n
^
a"jlkMhihp¢jl}ab}Xjxnp
s
}n
^
j
^
jx}Mz½
r
npnia}
r
k[}§niba;jl}Mz\jchpwa|ÁX|c
s
jlz
jl¢jl}M|#Ł}["w
s
Ł|#o§
]^
h{w
rps

r
jxb~ jxh|
^Ms
hia}Xa|RjlkMhia(n
^
aﬀ$zMhpn
r
MkMni
s
}h}
s
n{Ãa`Xjx jx}M|azvjx}Mza|GjxkMhpa"Ãa
¡Q}
s
 n
^
aﬁﬃﬂ(zMhin
r
Mk[np
s
}vh"jc
sQs
zvzMhpn
r
MkMni
s
}/
]^
kMhR£/Ãa(|Rjl}hpaa
^Ms
 n
^Mr
aRjlz½b
r
jlni
s
}|Rjl}Xjl¢jl}[|a(n
^
a

s
jlz/
Å
yk
r
a 'a#m§n
r
jx|npaz
rps
b ﬂá.
r
aw
syr
nphn
^
a;niŁbca
sr
n
^
aG,$zjlwMn
syr
ﬁﬃﬂ;jl}Mz ﬀya
r
hp
s
}Mh(jl}[z½n
^
a;niŁbca
³syr
n
^
a"b;k[Łnin
^Mr
aGjlzMa#zw
ris

r
jlb n
^
jx}Mzn
^Ms
kMnn
^
a5
s
jlzcXjl¢jl}[|}M(b
s
zMkMay"X½a¼|Rjl}hpaa5n
^
a"|Rjl|
^
a"a9À`a|nihG£`n
^
a
ñ0ñ+é
^_`ab
dR  NM°#¯º±¯¢´

¹G°i¹´((·

	"´ Rº±
bcw
rps
aba}Qnya}[a
r
jxnpazc§o5n
^Mr
aGjlz;bcŁ
r
jxnp
s
}ﬂjl}Mzn
^
a
s
a
rp^
aGjlz;a}Ma
r
jlnpa#z;§o5n
sQs
b.jl}Qo*n
^Mr
aGjlzMhR
]^
aÃamQwa
r
ba#}§nih
^
jRya$aa}2z
s
}Ma5Łn
^
b
s
}
s
w
rps
|ahih
sr
,$w
^
j5b.jx|
^
Ł}[ah{|
s
}M}Ma#|npazn
^
j5y§jxhpnp|
^
}[anI
sr
¡`
475
480
485
490
495
500
505
510
12 4 8 16 32 64
Ti
m
e 
(s)
Number of hreads
PM2 block
PM2 block + LB
Adaptor block and cyclic
190
200
210
220
230
240
250
48 16 32 64 128 256
Ti
m
e 
(s)
Number of threads
PM2 block
PM2 block + LB
Adaptor block
Adaptor cyclic
Å
yk
r
a%'S 4¯¹"¯

º¹9¸9·

	xº
·y°"´ :G 	 (´±°¯ G!¯¢±·

¹*¶`°p·R¸9¹º9º·y°ÕµŁ¹ ± 3´

	·²§° ¶Â°p·R¸9¹º9º·y°:º i°¯

M±  

 ';!'; ! 5 

9<; \Y
?E><L?UHJC<R X R/O-L> HJC HI MN?EFMUF F?UHT?ZV?EIJ?E><>MN>WDR
OPVC<><MUIJ@
X½a
^
jRaﬂzMaya#
s
wXa#z nI
s
b;kMnpn
^[r
aGjxzMazz[Łhin
r
Ł[kMnpazba#b
syr
o(|
s
bw[Ła
r
h{Qob
s
zM

oQ}Mﬂn
^
a
r
kM}Qnpbah
sx
nI
s
wMk[MŁ|
z
s
b.jx}.z[Łhin
r
Ł[kMnpaz½|
s
bw[Ła
r
h,$zXjxwMn
sr
ﬂ "#{
^
|
^
hjcÄ
q!Å
|
s
bw[Ła
r
jl}Mz

Ä ¾ÕÆ*Ç/ﬂdG{
^
Ł|
^
h"jÆ*Ç3|
s
bw[ ¾
a
r
G,$zjlwMn
syr
h¼z[aya
s
wXaz¿Qo
]
)
r
jl}[zMah(jxn"n
^
a 5u
Ï
jl}Mz

Ä¾pÆ*Ç;Qo
q
`Ä¼jxnp|
^
a
r
jln"n
^
a$}Ma
r
hiŁnIo
sl 
a
ÄﬂjlbcwMh
^

r
ay
]^
a"b;kMnpn
^Mr
aGjxzMaz|
s
bwMa
r
h$j
r
a"|#k
rpr
a}Qnpo
r
k[}M}M}M.jx}Mz j
r
a"}ayjlkXjxnp
s
}w
^
jlhpa
]^
h*hpnpa#wvh
t
kMhin
jw
r
a#ŁbcŁ}j
r
o
s
}Ma(Æ
s
bcwMa
r
h4}Maaz½n
s
a;b
s
zMÁXazn
s
a}Ma
r
jlnpa;aninpa
r
b;kMnpn
^[r
aGjxzMaz|
s
zMa;}
syr
zMa
r
}
s
nﬂn
s
r
awM|Gjlniahp|Gjx¢j
r
|
s
zMa£Qn
s"s
wMnpb0aŁ}Qn
r
jﬂ}
s
zMa|
s
bb;k[}M|Gjlni
s
}Mh/jl}[z;n
s"s
ÀÂa
r
jﬂXa#npnpa
r
hpkMwMw
syr
n
sr
n
^Mr
aGjlzcb
r
jlni
s
}/

9 8 GC@ @BCR
X@1?AXFL@BC<R
X@
«*}Ma*b.j
t:syr
w
rps
Mab n
^
Q
r
npkjlw
rps
|ahihaya`
s
jlzXjl¢jl}[|}M"h!n
s
zMa|#Łz[a$n
^
a$}QkMb;a
r!sl
Q
r
nikXjlw
ris
|#ahphiahG'Xﬁn
^
j j
r
a}§k[b;Xa
r
£lÃa$h
^[s
kMz;a¼jl[Łan
s
X}Mzc
sQs
z;
s
jlzXjx jx}M|azcb.jxwMwM}M$[kMn!n
^
jﬂ¢j
r
ya
s
a
rp^
aGjlz/!«*}cn
^
a
s
n
^
a
r
^
jl}Mz/£Mj5hpbjlM}QkMb;a
rÃsl
n
^Mr
aRjlzMhz
s
ah}
s
nhpkÀÂa
r
j"¢j
r
ya
s
ya
ri^
aGjxz jxn{n
^
aﬂw
r
|a
sx
j5Xjlz
s
jxz;Xjl¢jl}[|azamQa|kMni
s
}
ﬂá.ÕW,*}½aa§jx}§nﬂh
s
kMnp
s
} 
s
kMzXa;n
s
kMhpaXhphi
s
}X¦

kMhp
s
}
s
wa
r
jxn
syr
hG4Xﬁn
^
n
^
a#b £`Ãa;Ł4ajlMan
s
jxzXjlw[n¼n
^
a
}QkMb;a
r4sl
Q
r
npkjlMw
ris
|ahphiahG
]^
aÃhphp
s
}
s
wa
r
jxn
syr
hpw[Łnih
s
}Man
^Mr
aRjlz;}Qn
s
hpaa
r
jx`n
s
zMa|
r
aGjxhpa"n
^
a
r
jl}QkM¢j
r
ŁnIoQ
]^
h
|
s
kMzXajl|
^
aya#z½Łn
^
n
^
an
^Mr
aRjlz½|
s
}[Ł}[

kM}M|ni
s
}/
]^
a

kMhi
s
} }M|
r
aGjxhpahn
^
ac
r
jl}QkM¢j
r
ŁnIoQoba
r
y}Mhiaya
r
jl
n
^Mr
aRjlzMhﬂ}Qn
ss
}May,*Ł0wXj
r
np|wXjxnp}Mn
^Mr
aRjlzMhR£`b}QkMhn
^
a
s
}May£/j
r
azMahpn
rps
oaz jx}Mzn
^
kMhﬂn
^
a
s
ya
rp^
aGjxzvhﬂzMa|
r
aGjlhiaz/
]^
a
r
ab.jx}M}M"zMaGjxhŁn
^
n
^
a"zXjxn¤jM

9   PDC<MUX
H DR
OQO-LXC<D?UHJC<R
X@
]^
a|k
rir
a}Qn;bw[Ła#ba}Qn¤jxnp
s
}
sxq
u/*h(¢jRoya
r
az
s
}½n
s
w
sx¼q
»¼u
syr^
hpn
syr
|Gjx
r
aGjlh
s
}MhR½Ä
s
Ãaa
r
£kMhp}M
q
»¼u
}M|#k
r
h*h
s
bcaﬂhpy}MÁX|Rjl}Qn
s
ya
ri^
aGjxzvXa#|GjlkMhia(zjln¤jh|
s
wMazjlnhpa#ya
r
jl!hinpawMh"jx}MzXa|RjlkMhia(Ãa
^
jRa"n
s
kMhia
^
Ł
^
¾IŁa#ya
w
s
}M(jxŁ
syr
Łn
^
bh4n
s;^
jl}Mz[Łaﬂbcahph9jlya"j
rpr
yjxXa|GjxkMhpa
q
»¼u h}Man
^
a
r
n
^[r
aGjxzQ¾ÕjRj
r
a"}
sr
n
^Mr
aGjlzQ¾Ih¤j

ay
]^
h*hpnpkXjxnp
s
}2Łhﬂjl
s
kMnﬂn
s
|
^
jl}[yahp}M|a{a;j
r
a(|#k
rpr
a}Qnpov
syr
¡Q}M
s
}vn
^
a(z[ahpy}
sl
j;b}MbjxXn
^Mr
aGjxzQ¾pjR j
r
a
|
s
bb;k[}M|Gjlni
s
}c¢jRoya
r
n
^
jxn$}Qnpa}Mz[h"n
s
XaaGjlhiŁow
syr
npaz
s
}vzMÁÀÂa
r
a}Qnﬂ|
s
bcb;kM}M|Gjxnp
s
}cw
rps
n
s
|
s
h*hpkM|
^
jlh 4n
^
a
r
}Ma#nG£
,
]
u
sr
uo
r
}ManR
]^
a5zMahp}
sx
j"w
ris
n
s
nIoQwXa5n
^
jxnŁ`kMhia(©B)
q
¨ ±°i¹¤´"µ¯

¹	ﬀ*²ﬂﬁ¹G°

°p·±·R¸9·lµNﬂáyª
sr
4n
^
a
r
}Man
jx}Mz
Å
jlhinI¾Ian
^
a
r
}Ma#n¼}[anI
sr
¡Qh¼jxh{a#Ł/jxh) 
q
ﬂá("#¨ﬃ*´lº¯¢¸ 

±³¹R°´y¸9¹:·y°

´°p´xµ¢µŁ¹#µŁ¯º ﬂª
³syr
uo
r
}Man}Ma#nI
sr
¡Qh$hkM}Mz[a
r
z[aya
s
wMba}QnR
]^
aya#}Ma
r
jx!j
r
|
^
nia|npk
r
a
sx
n
^
Łh*¢jRoya
r
ŁhﬂhiŁbc j
r
n
s
n
^
a
s
}MakMhpaz½}

amQkMhGﬂd'{jl}Mz

k
r
n
^
a
r

syr
¡
bjRo(|
s
}M|a
r
}vn
^
a

kMhp
s
}
sx
n
^
ahpa5nI
s

r
j
r
ahÃ}§n
s
j|
s
bb
s
}
s
}Ma
ï¢ð/ñ0ï¢ò
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·

dR
  \
	R')4;
]^
ŁhwXjlwa
r
zMahi|
r
ah$jl}camQnpa}[hp
s
}cn
s
n
^
a*zXjln9jﬂwXj
r
jla jx}Mykjlya|
s
bw[Ł¢jxnp
s
}ﬂb
s
zMa#Mn
s
zMaGjxXn
^
n
^Mr
aaﬂamQa|kMni
s
}

aGjlnik
r
ah8 |
s
bb;k[}M|Gjlni
s
}
s
ya
r
¢jlwMw[Ł}[X£0
s
jlz½Xjx¢jl}M|}M2Łn
^Ms
k[n"y
s
jlÃzXjln9jwXj
r
jla
s

t
a|#n
r
azMhin
r
Mk[np
s
}/£Ãjl}Mz
a:¥|a}QnkMhpa
sx
|kMhpnia
r
h
sl
kM}Mw
ris
|#ahph
syr
jx}MzX¦
syr
©Mu
q
hG
]^
aﬂb
s
zMa`hXjxhpaz
s
} jQa
sl
n
^
a¼bjl|
^
}Maﬂjlh$jhpa#n
sl
|
s
bb;k[}M|Gjlni }M"}
s
z[ahG£/jx}Mz
s
}.n
^
a§
r
npkXjx/w
ris
|#ahph"|
s
}M|a#wMnG X½a
^
jRa"h
^Ms
}2n
^
jxn$n
^
a"Ä
q!Å
jl}Mz Æ*Ç"|
s
bw[Ł¢jxnp
s
}
b
s
zMah!|Gjx}vXaﬂaGjxhpo;amQnpa}[zMaz/'X½a$w
rps
w
s
hia"n
s
bcwMaba}Qn!jQ
r
npkjl`w
ris
|#ahph*Ł}Qn
s
j"n
^Mr
aGjxz/
,

npa
r;^
jR§}M2zMa9X}Ma#zﬁn
^Mr
aGjlz[hjl}Mz%n
^
a.z[ À`a
r
a}Qn;h
s
kMni
s
}Mhw
rps
w
s
hpaz
sr
zMhpn
r
MkMniaz%bab
syr
o2b;kMnpn
^Mr
aGjlz[az
a#}§Q
rps
}Mba#}§nR£`Ãa
s
|kMh
s
}\jwj
r
ni|kM¢j
r
b
s
zMa
sl
zMhpn
r
MkMniaz\bcab
sr
ob;k[Łnin
^Mr
aGjlzMa#z a}QQ
rps
}Mba}QnR£
r
aw
r
ahia}Qnpaz
Qo
q
u/*y£0
^
|
^
m§a#h"n
^
a;|
s
}QnpamQnR
]^
a#}/£/Ãa;hpnikMzMon
^
a;}Qnpa
r
jl|#np
s
}Mh5XanIÃaa}¿hpkM|
^
jx} a}QQ
rps
}Mba}Qnﬂn
^
jln"
r
}Myh
bjl}Qo

kM}M|#np
s
}XjxŁniah4Ł¡a/f
q
Æﬂ£ln
^Mr
aGjlzcb
r
jlni
s
}/£Rn
^Mr
aGjlzc|
s
}M}M"jx}Mz;zXjln9jﬂwXj
r
jlaMw
rps

r
jxbhG I};wXj
r
np|kM¢j
r
£yÃa
hinpkMz[on
^
a
r
kMniŁ0Gjxnp
s
}
³syr

s
jlzcXjl¢jl}[|}M"wMk
r
w
s
hpahR'X½a¼jlh
s
zMahi|
r
a(nI
s
hiwXa#|¢jl0Gjlni
s
}Mh
slAq
u
*
n
s
h
^Ms

^Ms
­j
a}Ma
r
jl0a}Q§
ris
}Mbca}Qn{|Gjx}b
syr
a$a9¥|#Ła#}§nio;hpkMwMw
syr
n$zXjxn¤jwXj
r
jxŁaw
ris

r
jlbchG
Å
kMnpk
r
a
syr
¡Qh4y|
s
}M|a
r
}}Qnpa}MhiyaÃamQwXa
r
ba}Qn¤jxnp
s
}
sl`s
k
r
nI
s
amQhpniŁ}[¼b;k[Łnin
^Mr
aGjlzMa#z"zXjln9j*wXj
r
jlaQ|
s
bcwMŁa
r
w
rps
n
s
nIoQwah"jlhﬂ{a#ŁÃjlhﬂn
^
aa
s
kMnp
s
}
sl
n
^
a
q
u/*5bwMabca}Qn¤jxnp
s
}cŁ}
syr
z[a
r
n
s
a9¥|#Ła#}§nio.a#m§w[
s
n
^
Ł
^
Xjx}MzMzMn
^
}[anI
sr
¡QhG ,$n
^
aczMahi|
r
az

kM}[|np
s
}jlnpah
^
jRyacXaa#} bcwMaba}Qniaz a#m§|#awMn;n
^
ahphp
s
}X¦

k[hp
s
}/£!jxn
^Ms
kM
^%q
u/*
hikMwMw
syr
nph;n
^[r
aGjxz |#
s
}M}MX
q4r
a#ŁbcŁ}j
r
o2amQwXa
r
ba}Qnph;hiaab8n
s
}MzM|Gjlnia.j
sQs
z¿Xa
^
jRQ
sr
a#m§|#awMn
sr
hi|Gjl¢j
r
|
s
zMay£
a|GjxkMhpa5hp|Gjx j
r
|
s
zMa"h
r
a#wMŁ|Rjlnpa#z jx}Mzb.jRoya}[a
r
jxnpa"n
s§s
b;k[|
^;s
a
rp^
aGjlz/
,*Łn
^Ms
k[
^
n
^
h¼z[
r
a|ni
s
}vhpa#abhﬂw
ris
bhiŁ}[X£Mbjl}Qo

kMahinp
s
}Mhjl}Mzvw
rps
[Ła#bh¼jxwMwaGj
r

ÅMsr
a#mjxbwMay£[
^
jln*h¼n
^
a
}Qnpa
rI
jx|a"anI{a#a}½kMhpa
r
|
s
z[a3jx}Mzvn
^
a(
s
jxzXjl¢jl}[|}M;b
s
zMkMa	HX
^
jxn$b;kMhinXaz
s
}[a(jln*kMhpa
r
aa!jl}Mzv
^
jln$|Rjl}
a"z
s
}MaﬂQon
^
a"|
s
bcwMa
r
jx}MzX¦
syr
n
^
a
r
kM}Qnpba	 X
^
jxn

aGjlnik
r
a#h$a
s
}M;n
s
n
^
a
r
kM}Qnpbaﬂjl}Mz
^
jxn|Gjl}2Xa
^
jl}MzMaz
Qo;n
^
a"b;kMnpn
^Mr
aGjxzMazca}Q§
ris
}Mbca}Qn 	vÆ
sQs
wa
r
jxnp
s
}hiaabh$jwj
r
ni¢jl`w
r
aŁbc}Xj
r
o(jl}Mhi{a
r

 	*> *ﬀ&;-ﬂ"
X½aÃ
s
kMzŁ¡an
s
n
^
jl}M¡ `kM|)
s
kM!ga$jx}Mz;yaGjx}Q¾
ÅMr
jl}|
s
h{uOga
^
jxkMn
syr
n
^
a
r
jx|npya|
s
}Qn
r
Ł[kMnp
s
};n
s
n
^
h!
syr
¡Â!©wXa|# jx
n
^
jl}[¡§hn
sq4^
w;XMÄﬂjlni|
^
a
rsr
n
^
aﬂ
s
}[(zMhi|kMhphi
s
}Mhﬂjl
s
kMn$Æ*ÇQ
@*y  A	$)
ﬂd 
Å
 ,$}Mz
r
gay:,¬ukMnpÁ¾
]^Mr
aRjlzMh$f kM}Qnpba
Å0syr*]^
a
q
jl}[z
syr
a
Ï
jln¤j ¾
q
j
r
jxŁa#ÂÆ
s
bwMa
r
I}Qnpa
r
}Xjl
q
kMM|Gjxnp
s
}v.'M£
pf p©B,(£
Å
a
r
kXj
r
o dRy'[N,*yjl¢jlMa$jxn ¼f	
 ﬁﬀﬂ ﬃ! ﬂ"#$ &%'( !*)+), ﬂ
+ﬂ
+-.!/0, 
ﬂá 
q
) jx}Ma
rt
aay£X#,(RÆ
^
jl}[zMo§£lu½ﬂkMwMn9jM£ﬂ8X¬#Ä
s
zMya#hI»(£R ;#Ä
s
b£ ,( /jxŁ}0£
Ï
#X
q
jxŁa
r
b
s
£G©`lf*jlb.jxhpjlboy£
jx}Mz4©Qk/
]^
a
q
j
r
jxzMyb Æ
s
bw[Ła
r syr"Ï
hpn
r
MkMniazQ¾puab
sr
o½ukMnp|
s
bwMk[npa
r
hGU !·¶`²§±³¹R°£.M¨idGyª áy!B"§[£
«*|n
s
a
r
dRyM
ﬂá 5f5 )ÃkMb
sx
ay£ÆﬂR
s
a
r
X£#)¼1ﬂkMh0b.jxkMI£GÆﬂﬂ`ahia
r
h
s
}/£+1;lf$jx}MzXjxŁI£jx}Mz ﬃ32
^Ms
k0yÆÃŁ¡. ,$}5a9¥|a}Qn4b;kMnpn
^Mr
aGjlz[az
r
kM}Qnpba*hpoQhpniab I}
 43 576
¶Â°p·R¸9¹9¹ 	¯

º  
 
 8


%5£X©Mjx}Qn¤j ) j
r
Xj
r
jM£0dGyM
ﬂ "
]
\)
r
jl}[zMahG ,*zXjlwMn
syr
¨¢Ä
q!Å
|
s
bcwM¢jlnp
s
}~hpoQhpniab.ª#£zMaya#
s
wXa#z jln "u
Ï
¾p©MÆ:, ,*yjl¢jlMa­jxn ﬂf
	
 9:/<;= ;7>?@BABC$D E, ﬀ7)F7ﬀ;ﬀ7
?	Gﬂﬀ;ﬂﬀ7
?	Gﬂ G!/H>?/*, 
ﬂá 
]
){kMa|9¡;jl}MzX¬lf
s
hpa#}MhpniŁa# [»$a
r
npanpa#h f a|
^
}Ma};bcŁn
Ï*]
©¨
Ï
hin
r
Mk[npaz
]^Mr
aRjlz©QoQhpniab.ª#I};uvj
r
|,$kM j
r
£
a#zMn
syr
£

°i·G¸8
3 5
 

%Ic·y° xº<M·9¶ﬁ·
I
´y°p´xµ¢µŁ¹#µ´

	J
"¯º±³°¯R²§±³¹	  !· ¶Â²Q±¯

£ wXjlah%'y!J'.[£X©QkMhihpay£4«*|n
s
Xa
r
dRy"X
ÅMr
Ł
s
k
r
X
ﬂ ' 5u §Æ
^Mr
hpn¤jxŁa
r
£X)
r
 jxnG£Qjl}Mzu §f ŁQ
_
a
r
ay ,$n
^
jlwXjxhp|Gjx}Q¾Õ Æ
s
}M|awMnihhpn
r
kM|nik
r
jx}QnphhpbcwMah4w
s
k
r
kM}Ma*w
rps

r
jlb;¾
bjlni
s
};wXj
r
jl
_
aa$a9¥|Rjl|ay  !´lµ¸G²µŁ´±¹R²Q°9º

´y°p´xµ¢µ?J¹#µŁ¹#º£`¨[¨yªiªdG!`dG'[£MdGy[
ﬂá 

QÆ
s
}/S
 
 
LKNM

¹

®R¯¢°p·
J
¹#(¹

±¶M·y²Q° µŁ´ ¶Â°p·

°p´W´y±³¯¢·

	y¯º±³°¯R²O¹R¹PJ´

°p´¯

¯

	NO¹R±¹R° ¯

O¹8
q4^XÏ
n
^
ahphG£
*}Mya
r
hpnMga5zMa"u
s
}MhÕ¾ Äﬂjl}XjxkMnG£`dRyy[
ﬂ . 5u MÆ
s
hp}j
r
zjl}Mz QaGjl}[}
s
nRN,*kMn
s
b.jlni||
s
j
r
hpa:¾ 
r
jl}Ma#z.wj
r
jxŁa#Ł0Gjxnp
s
};nia|
^
}M

kMahRI} 
r
jl}[zM}ManpniÂjx}MzQ1
s
¾
jl¡`£lazMn
syr
hR£+  
 
!·° lº<[·9¶LK 	y®R´

¸¤¹#º¼¯

"¯



¹R°·° ´

¸9¹ !· ¶Â²Q±³¯

ﬂ1¼kQÃa
r
jx|Gjlz[ab|
q
kMMh
^
a
r
hG£
dRyM
ﬂá &,
Ï
j
r
npa½jl}Mz ; ¾pf"
q
a
rir
}/£az[Łn
syr
hG M¹J
"´y±³´(

´y°p´xµ¢µŁ¹#µ

°p·

°i´W(¯
  
·	¹µRK X¹´

±¯¢¸

¹R°9º³¶¹9¸R±¯ ®G¹R£

s
kMbca"dydG
sx

"   ²Q±·°¯¢´xµŁ4©Qw
r
}Ma
r
»!a
r
¢jlX£QkM}MadR.'M
ñ0ñ+é
^_`ab
d"  NM°#¯º±¯¢´

¹G°i¹´((·

	"´ Rº±
ﬂdR# )ﬂ
Ï*r
aa
r
jl}[z u½&2`j
^
}0¼f
]^[r
aGjxzMh*e j*}M
syr
b I}Qnpa
rÕ
jl|a
sr¼q
j
r
jla4jl}Mz
Ï
hpn
r
MkMniaz
q4rps

r
jxbbcŁ}[M I}

°p·R¸¤¹9¹	y¯

º$·ﬂ±[¹ X¹9¸9·

	 

±¹R°

´±¯ ·

´xµ !·

¹R°p¹

¸9¹ﬂ·
  
´xº¤º¯¢®R¹#µ

´°p´xµ¢µŁ¹#µT !·¶`²Q±¯

 Rº±¹#5º 
 J
  
3 5 
x£
wjlya#h$yy 'Mdy£Ihp|
^
¢j[£ In¤jloQ£§u2jRo dG'[
ﬂdd¼Ä 4Á¾Õf a}MI£XÄ Ä( ,$I£`jl}Mz
]
 `ahG
]
jlhp¡hi|
^
azMkM}M}vb;kMnpw
ris
|#ahph
syr
hpoQhpniabhRI !·¶`²§±³¹R°£
Ï
a#|ab;a
r
dRyM
ﬂdR#
]

Å
j
^Mr
}Ma
r
£*u½ÃÄ¼jl}Ma#hG£$jx}Mz
q
{u a
^Mrps
n
r
jM «$}On
^
avkMnpnIo
sx
n
^Mr
aRjlzMh
sr
zXjxn¤j½wj
r
jxŁa#$w
ris

r
jlbcb }[X
f ahpaRj
r
|
^
f aw
syr
n$R¾py[£ pÆ:,ﬂ©£

,¼©B, /jxbyaofahiaGj
r
|
^
ÆÃa}Qnpa
r
£Âu2jRovdGyM
ﬂdR# ,
Å
a
rpr
j
r
Ajx}Mz»(©QkM}MzMa
r
jlb
]$q
»¼uU
Ï
Łhin
r
Ł[kMnpazÆ
s
}M|k
rpr
a#}§n"Æ
s
bwMkMni}M"n
^
`
^
nIÃa
^
n
q4ris
|ahphiahG I}

°p·R¸4·<  "¯



¹R°·° ´

¸9¹)
"¯º±³°¯R²§±³¹	J !· ¶Â²Q±³¯

£MwXjxyah$[dyd MMd#.M£	X\jlh
^
Ł}[yn
s
}/£dGyM
Ï
 Æﬂ
ﬂd"(¼Ä*
^ q
a
rÕsyr
b.jx}M|a
Å[syr
n
r
jl}
Å[syr
kMb  5¯



¹G°#·y° ´

¸9¹0·y°#±°i´


0´

²Q´

¹l¶M¹9¸G¯ ¸¤´±¯ ·

%f|a$}Mya
r
hpnIoQ£
]
amMjxhG£M«*|n
s
Xa
r
dRy'M0»!a
r
hi
s
}vMáM
ﬂdR# 
Å[s
hpnia
r
jl}[z413áu½QÆ
^
jx}MzMoQ
Å0syr
n
r
jx}.uU,­¢jx}MykXjxya
sr
b
s
zMkM¢j
r
wXj
r
jlaMw
rps

r
jxbb}M	Q·y²

´lµ/·
 
´°p´lµ µŁ¹#µ
´

	
"¯º±³°¯R²Q±¹	J !· ¶Â²Q±³¯

£/¨³yM¨idGªiª£`dG("
ﬂd#'# 
Å[s
hinpa
r
£XÆﬂﬂ1ﬂahihpab.jx}/£Mjl}[z.©`
]
k[a|9¡yay
]^
a

amQkMh$jlwMw
rps
jx|
^
n
s
}Qnpa#
r
jxnp}Mb;kMnpn
^[r
aGjxzM}M"jl}Mz|
s
bb;kM}MÁ¾
|Rjlnp
s
}/
Q·y²Q°

´xµ/·<

´°p´xµ¢µŁ¹#µ/´

	
5¯º±°¯ G²Q±³¹ 	J !·¶`²Q±¯

£ySá!T.M£MdRy'M
ﬂdR# , ahpnG£U,(U)ÃaykMa#Ł}/£0X
Ï*s
}MQj
rir
jM£"X¬`¢jl}M£f5/uvjl}[|
^
a|9¡Â£!jx}Mz½»(0©QkM}MzMa
r
jlb
  
K

´°p´xµ¢µŁ¹#µ

¯ °±²Q´xµ
 
´¸ [¯

¹8 M0º:¹R°
3
º*8²§¯ 	y¹´

	U²Q±·°¯¢´lµ#·y°A"¹R± ·y° ¹	

´y°i´lµ¢µ¹µ !·¶`²§±³¯

£/dRy"X
ﬂd#.#u XÄﬂjl}MahR£
Ï
`Æ
rps
}[¡Â£0jl}Mz
q
`ua
^Mris
n
r
jM«$}n
^
a;zMahp}
sx
|
^
jl}Qn, n¤jxŁ¡Q}M;n
^Mr
aGjxzMh"wXjx|9¡yjlya I}

°p·R¸Ã·<
²¶M¹R°p¸9· ¶Â²Q±³¯
 3 5
[£MwXjxyahﬂyy yM£WX\jlh
^
Ł}[yn
s
}/£
$s
ya#b;Xa
r
dG("
ﬂdR#
q
QMÄﬂjlnp|
^
a
r
 

Ä¬Æ*ÇQE,$yjl¢jl[Ła$jxn ¼f  	
   ﬂ > ;FE
  ﬀ  ﬀ+	?/*, 
ﬂá#
q
 MÄ¼jxnp|
^
a
r
£/f"
Ï
Xf kMhphiaI£Â©  1ﬂkMbj
r
jl}/£Mjx}Mz u  *kM}M}/ Ibw[Ła#ba}Qnp}M5zXjln9jR¾IwXj
r
jla/w
ris

r
jlbch
s
}v|
s
b;¾
b
s
zMnIo(|kMhinpa
r
hG I} x¶Â°¯

X¸M·R·lµ!·%
"´±´

´y°i´lµ¢µ¹µ¯º (£ `ahﬂua}QkM
r
a#hG£
Å[r
jx}M|ay£uvj
r
|
^
dRy'M
ﬂá[d
q
Qua
^[rps
n
r
j;jx}Mz.u½QÄﬂjl}MahRN,*}
s
ya
r
§a
sl
n
^
a«*wMk[h jx}Mykjlya$jx}Mz
r
kM}QnpbahioQhpnpa#b I}

°i·G¸9¹9¹	y¯

º¼·ﬂ±[¹

±
J
²Q´lµHI·° lº<[·9¶\·


/´

²§´

¹#º(´

	I !·¶`¯µŁ¹R°9ºA#·y°

´°p´xµ¢µŁ¹#µT !·¶`²Q±¹R°9º£

a ﬃ
syr
¡`£
*s
yab;a
r
dGy"X
ﬂá#u ahph9jlya
q
jlhihp}M I}Qnpa
rÕ
jl|a
ÅMsr
kMb
 J
ﬁK 
 
¹#º9º´

¹ 

´xº9º:¯



±¹R°´¸¤¹ X±³´

	y´y°	y£Ãuvj
r
|
^
dG("XjRyjl¢jlMa
³rps
b }ManpX[ |#hG kMnp¡` azMk0
ﬂá#
Å
yu kMaa
r
£ Xﬂa
r
}M£yjl}[z
]$q
() jx¡ya
r
 IbwMabca}Qnp}M$jlzj¼xm

aGjlnik
r
ahÃkMhiŁ}[¼w
s
him(n
^Mr
aGjxzMh
Ï
ahiy};hphikMahG
.  	´y£M©Qa#wMnpab;a
r
dGyM
ﬂá"(f5

jlb;oQhpnR
  
*HK²

¹

®R¯¢°p·
J
¹#(¹

±Q¶M·y²Q°Ã²

¹$¸9·

¸¤¹Õ¶Â±³¯¢·

¶·°±´µ¹{¹R±`²

¹¹NO¹R¸G²Q±³¯¢·

¹%¸9´y¸9¹	y¹#º{´9¶¶Xµ¯¢¸9´y±³¯¢·

º
¶M´y°i´lµ¢µ?J¹µ¹º¯¢°° O¹

²µŁ¯+J¹R°p¹#º
q4^XÏ
n
^
ahphG£*}Mya
r
hpnMga*zMah©Q|a}M|#ahan
]
a|
^
}
s

s
yahzMa  Łay£lQjl}QQa
r
dGy[J,$yjx jxMa
jxn
ﬀ#& &#ﬂﬁﬃ ﬃ! ! !ﬂ"#ﬃ%$#&"'$#"ﬃ)(+*#$ ﬀ-,). &/ﬃﬁ& ﬀ%(0. (&"1ﬀ & ﬀ#X
ﬂá#f5

jxb;o§hin$jl}Mz
Å
ua
^
jxkMnG
q
u/*	
q
j
r
jla/uk[Łnin
^Mr
aGjlzMa#z uvjl|
^
}MaXj;|
s
bw[kMnp}M"a#}§Q
rps
}Mba#}§n
³syr
zMhpn
r
Á¾
[kMnpazj
r
|
^
nia|npk
r
ahR I}

´y°W !·
3 576


%´xµ¢µŁ¹#µ 
 
¶`²Q±¯

y£QwXjxyah$y!M.M 4hpaQa
r
©|a}M|a
q
kMMh
^
a
r
hG£©Qaw
dRyM
ﬂá'#© y«
r
¢jl}Mz
s
jl}Mz;f"
q
a
r
a
s
`©
qq
AQjl}a9¥|a}Qn
r
kM}Q¾InpbaÃhpk[wMw
sr
n
³syr
}
s
}Q¾IkM}M
syr
b wXj
r
jlaQ
s§s
wMhGfahiaGj
r
|
^
f aw
syr
n4Æ©¾p'R¾dG[£
Ï
Łw09zM§uvjxnpabjlniŁ|Rj
,*wMwM|Gjln9j!az I}
syr
b.jxnp|GjM£ﬂ*}Mya
r
hpn¤jÆj 
ÅMs
hp|Gj
r
lzM»!a}Ma 0# j[£
Ï
a#|ab;a
r
dRy'M
ﬂá#Æﬂ
q
a
r
a 0y *npŁh9jlni
s
}"zMahw
rps
|ahihpkMhÃGgaya
r
h!w
s
k
r
  amÃga|#kMnp
s
}zMaw
ris

r
jlbcbah
_
j*wXj
r
jxŁRgahpbca4zMa{z
s
}M}ga#ahFﬂganpkMz[a
a#m§wga
r
ba#}§n9jlay4fahiaGj
r
|
^
faw
syr
n¼'R¾pyM£  
q
£

©czMa  o
s
}0£B,$w
r
Ł!dRy'M
ﬂá.#Æﬂ
q
a
r
a 0y
s
jlz"jl¢jl}M|#Ł}[Ä
q!Å
w
ris

r
jlbch`§oﬂbcŁ
r
jxnp}M!Q
r
nikXjlQw
ris
|#ahph
syr
hRI} ¹¤¸9·

	 

±¹R°

´±¯¢·

´lµ(I·y° lº<M·:¶
·

"¯

B 
0¹R®G¹#µ

°p·

°i´W(¯
  
·#	y¹#µ º´

	 X²#¶y¶M·y°±³¯¢®R¹

®R¯¢°p·

(¹

± º

 


3 5

    Æ
s
bw[kMnpa
r
©
s
|#Ła#nIo
qAr
ahihG£
,*w
r
!dRyy[
ﬂá#u  
q0s
Ãa £©`áf"ﬂ1ﬂa}Mb.jx}/£M©` )j
r
n
s
}/£
Ï
X©
^
j
^
£jl}Mzu½SX½aa#¡§hR¼©kM}X«*h¼[ ;u kMnpn
^Mr
aGjlz[az3,
r
|
^
npa#|npk
r
ay
I}

°i·G¸9¹9¹	y¯

º"·<ﬂ±M¹ I¯

±¹R°32
575
2 M   14 !·

¹G°i¹

¸¤¹R£QwXjxyah'!M£`dRyMd
ï¢ð/ñ0ï¢ò
 
±M¹¸9·¶`¯µŁ´±¯¢·

·
	y´±´¶´°p´xµ¢µŁ¹#µyµ´

²Q´

¹º·

´	y¯º±³°¯R²§±³¹	¹·y°(²µŁ±³¯¢±M°i¹¤´	y¹	$¹

®R¯¢°p·

¹

±¯¢±5±[°p¹9´	(¯

°i´y±³¯¢·

dR
ﬂá#u Ł|
^
jxay$k[Ł}[}(jl}Mz
q4^
yÄ¼jxnp|
^
a
r
M«*}"n
^
akMnpnIo
sl
|
s
bb;kM}[Ł|Rjlnp
s
}Q¾|
s
b;wMkMn¤jxnp
s
}
s
a
r
¢jxw¼}ﬂzXjxn¤jR¾IwXj
r
jla
w
rps

r
jxbhGﬂQ·y²Q°

´xµ·

´y°p´xµ¢µŁ¹#µ/´

	C
5¯º±°#¯G²Q±³¹	J !· ¶Â²Q±¯

£uvj
r
|
^
dRy'M
ﬂá[d ,§©
sy^
}/£Mu §©Mjxn
s
£

 ﬃ
sQs
£Qjl}MzcX ¾  5jlkMzM
s
nG 0À`a|nph
sl
b;kMniŁn
^Mr
aRjlzM}M
s
}zjln¤jjl}[z;
sr
¡Q
s
jlz;z[Łhin
r
Ł[kMnp
s
}
³syr
zMhpn
r
MkMniazbab
syr
o(b;kMniŁw
rps
|ahih
syr
hGI}

°p·R¸9¹¤¹	¯

·<"±M¹ 2 ±  

±¹R°

´±¯¢·

´lµ

´y°i´lµ¢µ¹µ

°p·R¸¤¹#º9º¯

 (¶M·lº¯¢²B£MÄ
s
}
s
kMk/£Ä¼jRjlI£,$w
r
Ł!dRy'M
ﬂá#©kM}X©
sx
nG X²
 
º
6
   8²Q¯	¹(±³·
 
²µŁ±³¯M°i¹9´	

°i·

°p´ ¯

£XdRyM
ﬂá#
]^
Ł}[¡§}M;uvjx|
^
Ł}[ah$Æ
syr
w/) 

¶`°p·

°i´W(¯
%
²Q¯	¹G£
$s
ab;Xa
r
dRyy[/»a
r
hi
s
}

kMb;a
r
'MáM
ﬂá"( )ﬂ
]4s
k
r
jx}M|
^
aGjlkvjx}Mz 
q4r
o§IN)Ãwbcahph9jlya#hG
,*yjl¢jlMa$jxn ﬂf?	
ﬂﬂ,7
?ﬀﬂ F ,  G ﬃﬂ)F
ﬂ?/*, 
ﬂá#
]
 ﬃ jx}M(jl}[zG,( ﬂa
r
jxh
s
kMŁhR
Ï
©MÆ §©|
^
azMkM}MwXj
r
jlaMn¤jxhp¡Qh
s
}.jx};kM}Q
s
kM}MzMa#z}QkMb;a
r!sl
w
rps
|ahih
syr
hG1
°i´

º´y¸R±³¯¢·

·
 
´°p´lµ µŁ¹#µ/´

	
"¯ º:±³°¯R²Q±¹	  Rº±³¹5º£MM¨³yª£©QawMniab;a
r
dG("X
ñ0ñ+é
^_`ab
Unite´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS L `ES NANCY
Unite´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unite´ de recherche INRIA Rhoˆne-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unite´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unite´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
´Editeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
